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for 20 years..... 


SOLUTION TO COMPLEX COMPUTING PROBLEMS are among 
Librascope’s accomplishments as represented by a formidable array of computing equip- 

ment. Our selection of the most effective computing solution to meet a problem is based 

on twenty years of experience gained in the development and manufacture of mechanical, 

electrical, electronic and magnetic computing devices. Computers for both military 

and commercial purposes are developed and manufactured by Librascope. Inquiries on IBRASCOPE 
computing control problems are welcome. 

Engineers capable of significant contributions are invited to write Glen Seltzer, Employment Manager. 


LIBRASCOPE, INCORPORATED « 808 WESTERN AVENUE « GLENDALE, CALIFORNIA 





. Cooler pressure control 
2. Firing temperature control 


. Miscellaneous temperature 
recorder 


. Cooler temperature control 


. Backend temperature 
control 


. Monitor system 
. Oxygen analyzer recorder 
. Fuel flow recorder 


Here’s kiln control that works 


Now, at the Baton Rouge plant of the Ideal 
Cement Company, this complete system engi- 
neered instrument and control cubicle is on ’round- 
the-clock duty. 

Designed and built by L&N specialists, this con- 
trol system applies modern concepts of instru- 
mentation and standardized production techniques 
to Ideal’s wet process kiln. 

Here are some of the highlights of Ideal’s in- 
strument and control system that can benefit your 
plants. 

1. Cooler pressure —Cooler draft automatically 

is held constant by L&N pressure controller. 

2. Firing temperature — Control of clinker fir- 

ing temperature is achieved with Speedomax® 

G recorder-controller from Rayotube® detector 

sighting directly on moving product. 

3. Miscellaneous temperatures — Temperatures 

at 5 separate points within the kiln system are 

clearly charted by fast-acting Speedomax G. 

4. Cooler temperature — Combustion air tem- 

perature is automatically stabilized by 3-action 

electric control and Speedomax G. 


5. Backend temperature — Automatic temper 
ature regulation is assured by 3-action electric 
control and Speedomax G. 

6. Monitor system—Unique L&N system engi- 
neered design provides continuous records of 
operating performance of 10 important vari- 
ables in the system. 

Oxygen analyzer and fuel flow recorder com- 
plete the system. 


Planning new kilns? Plant modern- 
ization programs? In a new 16 page 
illustrated folder, L&N shows you 
how complete system engineering can 
be applied to your rotary kiln opera- 
tion. Call your L&N office or write 
directly to 4918 Stenton Ave., Phila. 
44, Pa. Ask for Folder N-0720(1), 
“Modern Practices in Rotary Kiln 
Instrumentation.” 
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While many people talk 
automatic control, Beckman Systems 
Division is “closing loops” the 
country over . . . in steel mills, in 
aircraft and textile plants, in the 
petrochemical industries. Not yet 


E’RE READY to close the loop now 


fully automatic manless plants — but 
maniless installations, production 
lines, and processes. From wind 
tunnels to paper mills, Beckman 
has provided the systems engineering 
experience and the advanced 
hardware necessary to convert manual 
and semi-automatic operations to the 
fully automatic efficiency required 
in the new industrial era. 


With reliable data processing and data 
reduction systems . . . with digital timing, 
computing, and recording equipment . . . with 
high speed digital and analog control equip- 
ment... with a firm, sure hand in the entire field 
of systems and applications engineering — Beckman 
Systems Division can close loops for you now. 


Beckman is ready with the know-how and hardware 
to tackle individual processes or entire plants, to close 
the loops that often spell the difference between product 
and reject, output and upset, profit and loss. In a time of closing 
loops, can you afford to be left out? 
If you have a control problem, send us a description of the 
application and a Beckman Systems Engineer will contact you. 
Write to Department 4D-6-46. 


B ec k man P Systems Division 


$25 N. Muller Ave., Anaheim, California 
a division of Beckman Instruments, Inc. 


Responsible positions open in engineering, manufacturing, 
technical marketing. Write for Career File 19. 
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Published for engineers and technical management men who are responsible for 
the design, application and test of instrumentation and automatic control systems 


Control in Man-Machine Systems 
W.. HOOVER of the Office of Naval Research has an interesting theme: display 


ps 


affect the control loop as long as man is a controller, and he always is to some extent 


Cascading Resolvers Without Amplifiers 
JACK GILBERT of Norden-Ketay shows how to calculate computing accuracy to be 
expected with cascaded resolvers. The advantage: possible elimination of booster amplifiers 


Data File 14— Costing Industrial Pressure Measurement 
H. R. KALBFLEISCH'’s tables on pressure-measuring elements and their cost compk 
ment his piece on temperature measurement; again factors are accuracy, range, function 


Using Pneumatic Relays in Industrial Control — Part II 
H. S. GARRETT of Moore Products Co. goes beyond his first article, on the singl 
function relay, shows what can be measured and controlled by a more complicated design 


A Survey of 31 Point-to-Point Positioning Systems — Part III 
J. D. COONEY and B. K. LEDGERWOOD of Control Engineering examine nine 
more systems in this third and final installment of their treatise on numerical control 


Electrochemical Methods Applied to the Process Stream 
I’. C. WHERRY of P hillips Petroleum and D, D,. DeFORD of Northwestern University 
collaborate to spur the application of electroanalytical techniques to plant proce 






Burning Control for Cement Kilns 
MM. C. SUTTON and L. A. PARSONS of Calaveras Cement Co. tell why it’s so difficul 
to get a reliable temperature measurement of cement mix, then cover a method that work 
Servos ‘Test Servo Components 

ROBERT KELLY of Kearfott Co. applies the servomechanism to an automatic syncli 
test in which seven synchro parameters are recorded permanently on a punched card 
Hydraulic Servos for Function Generation? 

E. KENNELLY and R. KOPP of Grumman Aircraft trace history of a function generator 
involving cams and cam followers and driven by, of all things, a unique hydraulic 
Better Controller Memory Improves Processes 


L. D. KLEISS of Phillips Petroleum tells what happens when a long dead time is 
ae PI 
posed on a commercially available process controller with rate action, shows a way 








Control Personality—S. W. HERWALD 


What other fields call a specialty, control engineering calls a tool, says this servo man 


What’s New in the Control Field? 


Controls governed by punched cards run a drug warehouse, filling + orders per min 


Industry’s Pulse—Control for Kilowatts 
Automatic control is the major economy tool in the expanding electric utility industry. 


Editorial—What Do Your Control Dollars Buy? 


The new emphasis on production economy could mean reevaluating automatic controls 


New Product Developments 


Compact converters commutator switches, and servomotors share this month’s spotlight. 


Abstracts of Technical Papers 

The opener tells how a saturating input signal can be controlled by storage and release 
Shoptalk 165 Bulletins & Catalogs 174 Meetings Ahead 
Feedback 172 New Books 176 Reprints 


DON GUMPERTZ, designer of the automatic warehousing system described on page 20, has been 
building electronic gear since his high-school days. As an eager ham operator, he made radio sets 
for others. Later, while holding down a four-day-a-week job, he began studying EF at the Univer- 
sity of Califorma. He left there in his junior year, however, for a chance to design ultra-high 
frequency aircraft ground equipment at Air Associates, Inc. He went along with the first set sold 
to the first customer, Catalina Air Transport, as head of communications. Before setting up his 
own Industrial Electronic Engineers, Don was chief engineer at Aviola Radio & Radar Corp. 
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This advanced EASE * 
SERVO SYSTEM... 



































Sets pots to the 
nearest turn of wire in 
less than three seconds 


The new EASE* 1100 Series servo-set potentiometer 
system permits automatic adjustment of coefficient 
pots to a typical accuracy of +0.008% in less than 3 
seconds average time. There are no dials to adjust, 
no meters to read, and almost no chance for error 
with the simple push-button selectors, 





Heart of the system is a superior clutch design 
(patent applied for), the result of two years’ field 
experience with servo-set pots. The new system uses 
no-drag clutches that disengage completely after 
setting, act independently of each other, and have 
an almost unlimited operational life. Tests show that 
these clutches far outlast the pots. 






Model 1167 Pot Assembly slips out for easy access to com- 
ponents. Note independent clutches and fuses for each pot. 


The Model 1166 pot system is an integral part of the 


EASE* DO/IT (Digital Output/Input Translator), 
which programs coefficients from punched tape and 
automatically operates and checks the 1100 Series 

Model 1166 Servo-Set Pot System computer. 


f FRAME: 18” x 18” x 26”. Mounts up to 10 Model . 
1267 et Accendilies (10 pote cath). Enchudies two Model 1166 servo-set pot system is another reason 


servo motors. why the new Beckman/EASE* 1100 Series is rapidly 
SERVO CONTROL PANEL: ContainsCoefficient | assuming leadership of the analog computer field. 
Selector; “Slew”, “Null”, and “Release” Controls; For complete information on the computer and its 


. and five ungrounded manual pots. 

POTENTIOMETERS: 
100 Type A Helipots 
Resistance: 50K +5% 
Resolution: 0.008% 
Life: Exceeds 2,000,000 shaft revolutions Servo Control Panel. 

SERVO: Accuracy of Pot Setting: +0.008% typi- ie 

cal, 0.016% maximum (within 2 turns of wire). aoe 


Setting Time: Less than 3 seconds average; 5.2 ' 
seconds maximum, including release time. 


components, please write Dept. L-3. 






kman* . 
Bec as Ease Computer . 


Mfd. by Berkeley Division, Beckman Instruments, Inc. . 7 © “ 
Richmond, California 
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Post Decitron 
products 


electronic 


Model SD-1T 


This new Post elec- 
tronic counter out- 
modes all mechani- 
cal counters. Capa- 
ble of operating at 
speeds up to 100 
units per second, a 
single “count” is in- 
dicated on the six 
digit totalizer as 
each tenth item 
breaks the light 





beam. For counting dozens or gross 


a 12 place counting 


tube can be sub- 


stituted. May be operated from micro- 


switch, 
switch, 
Standard SD-1T 


Model SD-1 


Same as above, 
without totalizer. 
Boosts service life 
of mechanical reg- 
isters 15 times by 
counting in units of 
10. Can be placed 
several hundred feet 
from switch con- 
tacts. 

SD.1 





With Remote Totalizer 


Model MH-2 





photohead or Post magnetic 


. $140.00 


$98.00 
$125.00 


Magnetic Switch ... 


high 


speed — ideally 





SHOPTALK 


Window in Japan 


This month CtE opens another window on the control 
world. In Japan, control engineer Kazuto Togino becomes 
our eyes and ears for technical coverage in that country, 
augmenting the news coverage hecaidiend by McGraw- Hill’s 
Tokyo Bureau. 

Chief Researcher at the Government Mechanical Labora- 
tory in Tokyo, Kazuto is a specialist in digital servomechan- 
isms and data handling. He and Conrrot ENGINEERING first 
got together when Managing Editor By Ledgerwood started 
our world-wide survey on point-to-point positioning systems 
(the final installment begins on page 99 of this issue) . Kazuto 
gathered the material for the report on the system developed 
by the Government Mechanical Laboratory. It was so good, 
By asked him to check other systems under development in 
his part of the world. 


Panel at Work 


Peering over the crowd in the picture here is Editor Bill 
Vannah (far right), who is sitting on a panel with former 
managing oder Lloyd Slater (at left), now director of the 
Foundation for Instrumentation Education & Research, 


suited to sensing appli- 
cations — will actuate 
electronic counters, me- 
chanical counters, con- 
trols, solenoids, relays 
and many other cir- 
cuits. Capable of speeds 
up to 100 cycles per 
second, Long service 
life. 

Feature . sharp, 
on eet gal Princeton University’s Prof. Earnest ‘T. Johnson, and this 
month’s Control Personality, Sy Herwald of Westinghouse’s 
Air Arm Div. Subject of the discussion, at the Middle Atlan- 
tic Section of the American Society of Engineering Educa- 


tion: engineering problems raised by the practice of control 
systems engineering. 


Thousands in use . 


$29.75 


POST ELECTRONICS 


Division of Post Machinery Co. 


159 Elliott St., Editors on the Go 


Beverly, Mass. 


CtE staffers are looking forward to next month when a 
number of meetings will be out of the way and they can settle 
back to magazine deadlines again. Associate Editor Harry 
Karp is up to his neck as co-chairman of the New Jersey ISA’s 
annual symposium (page 40) ; Editor Bill Vannah is doubling 
as program chairman for the ASME/IRD annual meeting at 
Newark, Delaware; and Sales Manager Russ Berg is assisting 
program chairman G. W. Hewiteen on the Automatic Cen 
trol ‘Techniques meeting sponsored by the AIEE, ASME, 


and IRE. 


POST ELECTRONICS 
Division of Post Machinery Co. 
159 Elliott St., Beverly, Mass. 


(1 Send literature on Model___._ 
(J Please send name of nearest 
representative 


a 
Company___ 
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Ti DIFFUSION TRANSISTORS 


in a small package 


a Ww @ 25° Cc * 1 we @ 150° Cc 3 LEADS 0.017 —0.001) DIA 


0.245 (+0.010) INCH = pipe 


20 OHMS SATURATION (TYP.) om 000 
-65 to 200°C OPERATION ( ) & ‘e 


3-— COLLECTOR 


rf ‘ 
0.015 (= 0.002) = 1.5 (- 0.010)-~ 0.020 (+ 0.008, 


YOU get low, low saturation resistance ... highest 0.350 (+ 0.010) INCH — 
dissipation factor yet, at even higher temperatures 

from these newest TI gaseous diffused silicon units — 

all stabilized at 215°C! You can control your circuits 

closely with the 3 to 1 beta spread and exploit the CASE TEMP. = T, 

> a7 Mt? f | d d ee ° | = 2 x h : (INFINITE HEAT SINK) 

8 V BV,,,,. for harder driving switchers in your heavy SLOPE = —22.8 mw/°C —, 

duty applications. 


BVepo (l_ = 250 pA) 
BVceo (Ic = 250 uA) 
BVcpo (Ic = 100 uA) 


MAXIMUM POWER DISSIPATION 
WATTS 


0 50 100 150 200 
min. | cen. | max. | unit T, — TEMPERATURE — °C 


R28 t__3 Bh. DISSIPATION VS. CASE TEMPERATURE 
Res (lp =40mA; Ic =200mA) — | 20 | 40 | Ohm UNIT IN FREE AIR 
hee (c=10V; Ic =200mA) 12 | 2001 31 — (OD BAT SEK) 


SLOPE = 4.6 mW/°C 
Just as all Tl semiconductors . . . your new 2N497's and 2N498's 
are fully guaranteed for one year from the date of delivery. 





SEMICONDUCTOR-COMPONENTS DIVISION 


IMMEDIATELY AVAILABLE IN TEXAS INSTRUMENTS 
PRODUCTION QUANTITIES! INCORPORATED 


POST OFFICE BOK 312 ° DALLAS TEXAS 











HOW ONE CONCEPT IN POTENTIOMETER 
DESIGN SOLVES THREE BASIC PROBLEMS 


SPACE-SAVING SIZE AND SHAPE 




























You can pack a lot of Bourns potentiometers into a 


small space —12 in one square inch of panel area (or 1a | _ | 
17 TRIMPOT JR.* units!) Fit them into corners, between a. fos 1.” 
other components, flat against chassis or printed circuit ae | 


boards. Mount them individually or in stacked assemblies. 











ADJUSTMENT STABILITY 


Bourns potentiometers are self-locking (no lock nuts 
required). Any adjustment remains stable. Shock, 
vibration or acceleration can’t affect a setting. 
Bourns potentiometers are helping thousands of 
engineers make reliability a reality. 














CIRCUIT BALANCING ACCURACY 


Bourns potentiometers are 33 times as accurate as 


conventional single-turn rotary types—the screw- 
actuated mechanism provides 9000° of rotation 
instead of only 270°. Circuit balancing, calibration — 
adjustments of all types are easier, faster, more 
precise. And repeatability is assured. 








Laboratories, Inc. 
P.O. Box 2112 « Riverside, California 
ORIGINATORS OF TRIMPOT® TRiImIT® AND POTENTIOMETER INSTRUMENTS 
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HERE ARE ADJUSTMENT POTENTIOMETERS 
TO MEET ALL YOUR REQUIREMENTS 


high performance military potentiometers and rheostats 











General Purpose Type Micro-Miniature Potentiometer Dual Potentiometer 


. The original wirewound TRIMPOT®. Model 200 The TRIMPOT JR.* Model 222 is so small you TWINPOT® Model 209 is two potentiometers 
{terminals L, S or P—see drawings below). can fit 17 units in one square inch of panel in one. (L). 105° C operation. 0.25 watt. 
i 105°C operation. 0.25 watt. Also available space. 175°C operation. One watt. Humidity 
7 as a rheostat, Model 201 TrimR® (terminal proof. (Terminals L or W). 





L only). 


= pourns @/RIMPOTS 














High-Temperature Operation 

. . 175°C operation. One watt. TRIMPOT Model 
; SSS 260. (L, S or P). Available as a rheostat Model 
' 261 (L). 













i High-Resistance Wirewound High-Resistance Deposited 

: arbon 

é Hi-R® TRIMPOT Model 207 (L). Resistances to Care 

y 250 K. 175° C operation. Two watts. Rheostat An unusually significant achievement in mili- 
Hi-R TrimR Model 208. (L tary quality potentiometers —infinite resolution 


















at 125°C operation. 0.25 watt. Uses the ° 
RESISTON* element, a product of 3 years of Humidity Proof, 135 © Operation 


j Bourns research. 20K to 1 megohm range. TRIMPOT Model 236. (L, S or P). 0.8 watt. Also 
j TRIMPOT Model 215. (L, S or P). available as a rheostat, Model 231. (L). 





low-cost commercial adjustment potentiometer 





TRIMIT® — an important new development for manufacturers of 
computers, industrial controls, communications equipment and 
high-quality test and measuring equipment. Provides 33 times the 
adjustment accuracy of single-turn rotaries, occupies only a fraction 
of the space, and has far greater stability of setting—at no additional 
cost. Wirewound Models 271 (L), 273 (S), 275 (P). 

Carbon Models 272 (L), 274 (S), 276 (P). 





military and commercial units available in these terminal types: 





L =Leads, insulated, stranded P =Pins, printed circuit 


1 <4 Lt 


S$ =Solder lugs 


Lennie? —— a 


Visit our booth * 3716-3718 at the /. R. E. Show 


Write fr dete chic BOURNS 


information on Bourns 






















W Wires, uninsulated 





Potentiometers. Please specily = Laboratories, Inc. 
the model or type ond mention 
vour application P.O. Box 2112 « Riverside, California 


® 
ORIGINATORS OF TRIMPOT® TRIMIT™ AND POTENTIOMETER INSTRUMENTS 
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Stromberg-Carlson 
‘‘Push-to-talk’’ 


USES 



































You’ll find many valuable uses for 


Stromberg-Carlson’s ‘“Push-to- 
talk” telephone handsets in your 
day-to-day operations. These in- 
struments feature switch assemblies 
with various spring combinations 
mounted in the handles, actuated 
by a rocker-bar lever. A few typical 
applications: 


e Push-to-talk and Push-to-receive: 
for two-way radio communication. 


e Push-to-open and Push-to-close 
external circuit: for use with dictat- 
ing machines and in remote control 
operations. 

You have a choice of two types of 
handset: No. 28, which is the stand- 
ard model; and No. 29, a special 
high-gain, high-efficiency handset 
with Western Electric type receiver 
and transmitter. Available with 
either coiled or straight cord. 

For complete technical details on 
these handsets and 
other Stromberg- 
Carlson telephones 
and components for 
industrial use, send 
for Bulletin T-5005. 


Write to: 
SC 
2 MRS 


STROMBERG-CARLSON 


A DIVISION OF GENERAL DYNAMICS CORPORATION 
TELECOMMUNICATION INDUSTRIAL SALES 
112 CARLSON ROAD, ROCHESTER 3, N. Y. 


ELECTRONIC AND COMMUNICATION PRODUCTS 
FOR HOME, INDUSTRY AND DEFENSE 
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ENGINEERING 


FEEDBACK 


PROBLEM FORUM 





Vital forum topics selected by readers this month are: 
* determining transient response from a phase-plane plot 


by the slopeline method 


* organization of a systems engineering group for an oil 


company 


* standards for industrial electronic control equipment 
An educator, a chemical process engineer, and the chief 
electrical engineer for a machine tool company lead the 
discussion, and each earns an engraving of the Great 
Emancipator. Join in. Submit a problem or start a dis- 
cussion of a topic that will spread some more knowledge 
across the control engineering field. Everyone learns while 


you earn. 


A dynamic analysis kink 

l'o the Editor— 

Since CONTROL ENGINEERING has in 
the past published a series of articles 
on graphical solutions (Feb. 54 and 
Sept. "57 issues), I enclose this short 
“letter to the editor” for publication 
in your magaz.ne. 

lime can be determined quickly 
and to a good degree of accuracy from 
a phase-plane plot by the slopeline 
method. As illustrated in Figure 1, 


Fig. | 






Velocity, X 








AX, 





‘ 
| Position, X 


to find the time starting from point 
(1), a line is drawn to the x-axis and 
then reflected until it intersects the 
phase-plane plot at point (2). The 
resulting two lines are inclined at an 
arbitrary angle a from the vertical as 
shown. The time that elapses between 


A Position, 
x. 






S642 
Velocity, in./sec 





(1) and (2) is given approximately 
by: 

At» 22 tana l 
The accuracy of determining this time 
increment increases with decreasing 
angle a. This evaluation happens to be 
exact if the portion of the curve be 
tween (1) and (2) is a straight line. 

Equation 1 is derived as follows: 


AZj;-2 = Ar, + Ar Taverece A ! 

. ( p+ Yas > 
But 2, = A 2x, tan a, and Ars tan a (3 
(herefore Equation 2 simplifies to 


Equation 1. 

Figure 2 illustrates the use of the 
technique to construct a transient solu 
tion from a phase-plane plot. 

D. Ezekiel 
MIT 


Cambridge, Mass. 


Systems engineering group 
lo THE Eprror— 

Attached are some _ suggestions, 
prompted by Problem Forum, page 12 
of the Nov. ’57 issue, about a svstems 
engineering group for an oil company. 
The ideas presented are my own. 

A systems engineering group can 







246810 20 
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consist of one man, if he has a knowl 

edge of the following subjects: 

mathematics 

electronics 

servo techniques 

practical hardware 

practical systems 

measuring methods 

physics 

chemistry 

analog and digital computers 

However, such a man is hard to find. 
Because of this, a systems group 
should consist of, say, three men with 
the following backgrounds: 

*An electrical engineer with a good 
knowledge of electronics, servo- and 
control-techniques, mathematics, and 
computers, with some practical ex- 
perience, and with a feel for physics. 

* A physicist or chemical engineer with 
a good knowledge of mathematics, 
with pract.cal experience and with a 
feel for electronics, control theory, 
and computers. 

*An engineer with primarily a_ practi- 
cal process-control background and 
a feel for control techniques and 
physics. 

I'he ob‘ect of the group is the analy 
sis and synthesis of control systems. 
The best way for the group to ap 
proach problems is to break down 
processes into the most common basic 
building blocks. For instance, the oil 
refinery can be broken down into: (1) 
heat exchange equipment; (2) mate 
rial transport; (3) material storage; 
(+) distillation equipment. 

rhen, the most simple general-valid 
formulas have to be determined, relat- 
ing dynamics to physical dimensions 
Ihe validity of these formulas has to 
be checked by practical measurements. 
Their constants have to be corrected, 
or the minimum required measure- 
ments to obtain the dynamic data 
must be determined. This is a rathet 
elaborate task, but once it is done, all 
problems can be attacked in an organ 
ized wav. 

In the oil refinery, the pavoff of a 
systems engineering group will be in 
a better product, and fewer product 
losses because of scientifically justified 
design. For instance, pump-heads and 
control valves are at present chosen in 
a more or less arbitrary way. 

J. E. Valstar 
C. F. Braun & Co. 
Alhambra, Calif. 


Wants new standards, too 

lo THE Eprror 
In general I agree with what Bob 
Colten of the General Motors ‘Tech- 
nical Center savs in his letter to the 
editor printed in the Oct. ’57 issue 
(page 10). (See page 10 of the Feb. ’58 
issue for additional discussion of the 
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Creep-test setup 





relies on Wheelco for 


ultra-accurate control 











Part of the 30 creep-testing machines equipped with Whee 


BARBER-COLMAN COMPANY 


Industrial Instruments 


Controls * 


Molded Products 


4 





) Series Capacitrols 


Accuracies exceeding ASTM specifications, 


continued reliability of operation, and 


considerable savings in initial cost are the 


benefits realized in the extensive creep-test 


installation at Joliet Metallurgical Labora- 


tories, Inc., Joliet, Illinois. 


A 


total of 30 


creep-testing machines — comprising one of 


the most complete installations of its kind in 


the nation — are all equipped with Wheelco 


Series 400 Capacitrols. 


Wheelco’s plug-in chassis design really pays 


off here. 


Maintenance, when required, is 


fast — there’s no loss of valuable data, no 


need to repeat tests. A chassis change-over 


can be made in the middle of a test if neces- 


sary. Better get acquainted with your near- 


by Wheelco field engineer for similar benefits. 


Dept.C, 1548 Rock St., Rockford, Illinois, U.S.A 
BARBER-COLMAN of CANADA, Ltd., Dept. V, Toronto and M 
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GIANNINI AC OUTPUT 
ACCELEROMETER 


Wide Dynamic Range 
Extremely Low Threshold 
Low Null 


ACCURATE, CONSISTENTLY RELIABLE AC out- 
put, proportional to linear accelera- 
tion, is provided by this new Gian- 
nini accelerometer. Available in 
ranges from +1 g to +20 g, the 
instrument has a full scale output 
of 6 volts which may be fed directly 
into a relatively low impedance with 
little or no phase shift. 

NULL VOLTAGE IS 0.015 VOLTS, of which 
at least 90% is harmonic, assuring 
a wide dynamic range for the instru- 
ment. With a basic threshold sensi- 
tivity as low as 0.0001 g/g, input 
accelerations on the order of 0.0017 
g’s will provide a 10 millivolt change 
in output. 

NO COULOMB FRICTION IS EXHIBITED in 
this design, bearings are eliminated 
by suspending the mass between 
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two disc springs. Acceleration in- 


puts move the magnetically damped 
mass, causing a proportionate 
change in the output voltage of a 
differential transformer. Cross-talk 
effect is minimum (0.003 g/g at 10 


g cross acceleration on a lg instru- 


ment); repeatability and hysteresis 
are below thresholds of measuring 
equipment. 


IDEAL SECOND ORDER SYSTEM RESPONSE is 


achieved in the Model 24614 by mag- 
netic eddy-current damping.The her- 
metically sealed instrument is oil- 


filled for stability of output under 


vibration. Specially designed and con- 


structed for use in critical airborne 
control, stabilization, and flight test 
applications, the instrument is 
readily adapted to telemetering. 























FEEDBACK 


Colten letter.) I feel that the JIC 
Standards do not cover industrial elec- 
tronic equipment in very great detail, 
possibly because at the inception of 
the standards industrial electronic 
equipment was more OI less a rarity. 
Now that more electronics are being 
used in industry, I feel that some sort 
of standards are indicated to reduce 
confusion in installing and servicing 
the equipment and to maintain the 
quality of components used. 

I have had very little personal ex 
perience in the use of industrial elec 
tronic equipment, but what few in- 
stallations I have seen showed a need 
for standards of some sort to achieve 
uniformity of data, diagrams, and use 
of components. Each equipment 
builder evidently has his own stand 
ards and way of doing things, and the 
user of this equipment has to educate 
himself to the builder’s system before 
he can fully understand and _ utilize 
his equipment. 

Standards such as Mr. Colten is 
working on will serve to eliminate 
some of these different approaches to 
the design and building of electronic 
equipment and may help to unify the 
various schemes of presenting setup, 
servicing and operating instructions. 

Raymond T. Fenn 

Chief Electrical Engineer 

New Britain—Gridley Machine Div. 
New Britain, Conn. 





Wants AIEE paper 


lo THE Eprror- 

We are interested in obtaining a 
copy of the AIEE Conference Paper, 
Winter General Meeting, 1957, “The 
'ransistor Nor Circuit Logic and Ap- 
plications”, by L. F. Stringer and 
W. D. Rowe, which was used as a ref- 
erence to an article in the May 1957 
issue of CONTROL ENGINEERING. 

J. Elsley 
Weapons Research Div. 
A. V. Roe & Co., Ltd. 


Manchester, England 


AIEE is sold out on reprints of this 
paper. We suggest that you contact 
the authors: L. F. Stringer and W. D. 
Rowe, Motor & Control Div., West- 
inghouse Electric Corp., Box 2025, 


Buffalo 5, N. Y. Ed. 


A compleat reader 
lo THE FEpiToR— 

As I was reading my copy of the 
December ’57 issue of Conrrot ENGI- 


NEERING, I came across your editorial, 
“Made, Not Born’, page 69. I won- 
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TUNG-SOL GERMANIUM PNP TRANSISTORS 
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Pile 
in JETEC 30 (TO-5 OUTLINE) Package 
... the Industry-Standard Package 








All desirable electrical characteristics, without difficulty over 
mechanical and electrical interchangeability, are available to 
users of germanium PNP transistors in the industry-standard- 
ized JETEC 30 (TO-5 OUTLINE) package. 

The JETEC 30 package can be welded to produce a more 
dependable hermetic seal with complete absence of flux gases. 
Its cylindrical shape, plus flange and base design, has high 
mechanical strength and facilitates uniform and positive weld- 
ing. The form factor and basing design facilitate accurate, 
automatic assembly with printed circuits. 

Tung-Sol JETEC 30 transistors are hermetically sealed in a 
controlled atmosphere to insure freedom from moisture and 
other contamination often produced by heat-conducting sub- 
stances ... the ultimate assurance of high reliability and long 
operating life. 

For additional information contact Semiconductor Division, 
Tung-Sol Electric Inc., Newark 4, N. J. or the sales office 
nearest you. 





200 m.w. 


SEMICONDUCTOR DIVISION @ +uno-sor ELECTRIC INC., NEWARK 4, N. J. 


SALES OFFICES: ATLANTA, GA.; COLUMBUS, OHIO; CULVER CITY, CALIF.; DALLAS, TEXAS; DENVER, 
COLO.; DETROIT, MICH.; IRVINGTON, N. J.; MELROSE PARK, ILL.: NEWARK, N. J.; SEATTLE, WASH 
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FOR INSTANT STARTING, SMOOTH STEPLESS SPEED CONTROL 


MIAGNE-SPEEM7 


NON-ELECTRONIC 


VARIABLE 


SPEED DRIVES 


Featuring simple circuitry, MAGNE- 
SPEED drives provide high efficiency 


operation at competitive cost. Non- 
electronic, they require no warm-up 
time. Excellent regulation without 


tachometer. 


MAGNE-SPEED JUNIOR 





MAGNE-SPEED SIZE I 


REGULATION: 


Approximately +4% of base speed 


RANGE OF ADJUSTMENT: Zero to Full speed 
WIDE SPEED RANGE: Base speed 2000 r.p.m. 


to approximately 40 r.p.m.... 
a 50:1 range. (4000 r.p.m. avail- 


able on special order). 
COMPACT ...SIMPLE INSTALLATION 


STANDARD S!ZES AVAILABLE 






























































TYPE HORSEPOWER RATING | SPEED RANGE | BULLETIN # 
JUNIOR 1/100 to Yq HP 40:1 $-790 
SIZE | Ys, Yq and Vp HP 50:1 $-580 
SIZE II ¥/,,1 and 11/, HP 50:1 ° $-580 
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MAGNETIC AMPLIFIERS INC. 
632 TINTON AVENUE © NEW YORK 55, N.Y. © CYPRESS 2-6610 


West Coast Division 


136 WASHINGTON ST. © EL SEGUNDO, CAL. * OREGON 8-2665 





FEEDBACK 


der if the fifth word in the article was 
spelled incorrectly. ‘The word is com 
pleat. Could it have been spelled com 
plete? 

I enjoy your magazine and the new 
systems that are published each 
month. 

Elmo W. Gibson 
Ypsilanti, Mich 


If there is justification for a com- 
pleat angler and a compleat strategist, 
it seems to us that there is plenty of 
justification for a compleat control 
engineer. But thank you, Mr. Gibson. 
You delight us with your use of the 
possessive case when you refer to 
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We have one, too 
lo THE EpiIroR 


We have noticed with interest the 
recent correspondence in Feedback 
(September 1957, page 16) concern- 
ing high-speed sampling switches. 

[his company has now completed 
the development of a unique rotary 
switch for use in the guided missile 
and allied fields. The basic principles 
and general engineering conception 
of the device, which enable it to op 
erate successfully at rotational speeds 
in excess of 200 revolutions per sec 
ond, were established by an original 
research program carried out by the 
Signals Research & Development E's 
tablishment of the Ministry of Supply 

Ihe first version of the switch now 
being manufactured has a_ two-bank 
commutator system with 24 channels 
per bank, and can be supplied to run 
at speeds up to 220 rps 

R. E. Young 

Sir W. G. Armstrong 
Whitworth Aircraft, Ltd. 
Coventry, England 


Cheers. Ed. 


Has remote controls; will fabricate 
To THE Epiror— 


We note in your Dec. 57 issue Mr. 
J. Salvatore’s article on a remote con- 
trol for manual pots (page 107). 
We have been building a Wheat- 
stone bridge null balancing device 
using motorized controls similar to 
the device illustrated, and we would 
be quite willing to fabricate these 
units for commercial use if the de 
mand is adequate and standardization 
wcrc possible. 
S. L. Sola 
Townsend Engineered Products 


Santa Ana, Calif 









NOW AVAILABLE... Not merely a laboratory instrument, but a 
fully ruggedized, reliable digital recorder designed for a whcle gamut 
of industrial applications where long periods of unattended operation 
with minimum maintenance and down-time are paramount. Stand- 
ardized speeds, track-width and spacing, and start and stop distances 
assure complete compatibility with other digital tape transports and 
handlers. Contact your nearby CEC field office for complete information, 
or write for Bulletin CEC 1608-X3. 


*Modularized components, such as Power Supply Unit 


at right, permit instant access and easy maintenance 
or replacement with minimum down-time. 


Data Tape Division 


CEC announces 
the new 
digital 


magnetic tape 


recorder/reproducer 


all transistorized electronics 

modular construction* 

starts and stops in less than 5 milliseconds 
high- spec d servo AY OLY 


continuous -duty servo motors 


all-metal-surface magnetic heads 
SPACING BETWEEN READ AND WRITE HEADS 


‘ 10 14” tape 
’ reels with NARTB hubs 
designed for standard rack mounting 


19” wide by 24%" high by 13” deep 


Consolidated Electrodynamics 
300 North Sierra Madre Villa, Pasadena, California 


OFFICES IN PRINCIPAL CITIES THROUGHOUT THE WORLD 


r 
RECORDE® 
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IN DIRECT RECORDING SYSTEMS ... 
only—Srush gives 


Feet fee Pee. 


. Sect 2 e@2e2e@%. 





When you need precise, permanently visible measure- 
ments of electrical or physical phenomena, make your 
logical choice of equipment from the newest Brush 
designs in ultralinear recording systems. For your spe- 
cific application, now choose... 


The writing method! Because different problems 
demand different writing methods, Brush gives you 


your choice ... ink ... electric . . . thermal writing. 


The readout method! Brush offers curvilinear 
and rectilinear readout. Both methods produce ultra- 


linear traces—clear ... sharp... easy to read. 


The chart speed! Choose from the widest selec- 
tion of chart speeds available, ranging from 10’’/sec. 
to 10’ /day, providing optimum resolution on all 





you freedom of choice 





signals. Electrically controlled chart drive transmis- Call your nearest Brush factory branch or representative 


for complete assistance in making your logical choice. 
If you prefer, write Brush about your requirements. 


sions permit instantaneous switching on the spot or 
by remote control. 


New functionally designed control panels are clean, 
legible, easy to understand. All components are read- 


ily accessible for fast inspection and simple adjust- brush INSTRUMENTS 


ment. The most comprehensive operating manuals in am 
° ° ° 3405 PERKINS AVENUE CLEVITE | EVELAND 14, OHIO 
the industry are included with every Brush product, mromarion | 
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HALLAMORE PHASE-LOCK DISCRIMINATORS 





~~ 
HALLAMORE ELECTRONICS COMPANY I a division of the SIEGLER CORPORATION 
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». W. Herwald 





jumps the artificial fences 


One drizzly day in 1939, a young mechanical engi 
neer, just graduated from the Case School of Applied 
Science, stepped off the train in Pittsburgh, took onc 
look at the smoky, leaden skies, and fought down a 
sudden urge to jump back on the coach. 

Lanky Sy Herwald had come to Pittsburgh filled 
with the idea of designing steam turbines for Westing 
house. His enthusiasm for the job finally won over the 
sinking feeling inspired by his first look at the steel 
citv, and he decided to stay. But Herwald never got 
to do a turbine design. Recognizing an unusual engi 
necring talent during a preliminary training cours¢ 
Westinghouse promptly assigned him to its Head 
quarters Engineering Staff, which handled the tough 
problems that didn’t seem to belong to any of the 
company’s divisions. 

One of those early problems was a feasibility study 
on how to control aircraft gun turrets. Herwald has 
been working with control systems ever since. Today, as 
manager of Westinghouse’s Air Arm Div., he has had 
a hand in designing and developing a variety of auto 
matic controls for both aircraft and missiles, including 
the defense svstem for the Navy’s A3D fire control fo: 
the F4D Skvray, and the electronic target seeker for 
the Bomarc missile. 

Back in 1939 on that first study, Herwald made, to 
him, a startling discovery: control svstem design was no 
place for a narrow specialist; it took knowledge in a 
variety of fields to make a complicated svstem work 
Mo augment his own mechanical-slanted background 
Herwald took electrical courses at Westinghouse, started 
might school at the Universitv of Pittsburgh. Ther« 
he carned a MSME, writing his thesis on gvros, stuck 
to it until he had a PhD (major: engineering mathe 
matics; thesis: servomechanisms). 

During World War II, Herwald worked on a varicty 
of servo and control problems, mosily applied to air- 
craft. He was among the engineers that maintained 
gvro-stabilitv was required for any tracking system. Onc 
stickler that persisted was how to automatically com- 
pute lead time for turrets. The Westinghouse group 
never reached a fully automatic system; bv the time 
thev had something, the war ended. 

But that didn’t end Herwald’s work on control sys 
tems; rather, it was the start of real svstems work. In 
1945 he was involved in solving networks with electro 
mechanical computers; then he was back on aircraft 
controls, this time specializing on tracking systems. Here 
the emphasis was first on optical; then electronic, and 
finally on infrared techniques. 

Although Herwald won a reputation at Westing 
house as a top-notch servo specialist, he would much 
rather be known as a good control engineer. He continu 
ally urges his engineers to “knock down the artificial 
fences”. He savs, “For a good control engineer, there’s 
nothing out of line; you have to be able to move into an 


field: hydraulic, mechanical, elect 
thermal.” 

Herwald thinks the broad view 
tant today, but it’s got to be tempered 
bigger and bigger loops. We're using 
what’s happened to control vhat 
But we're doing so much broad svst 
ignore the detail analysis. You find a 
ing a magnificent weapons system an 
svstem won't work because the dé 
how the parts functioned. Building 
tem also involves making decent g¢ 
good synchro, and using componci 

That’s whv Herwald continually exh 
to “get their hands dirty, to get t 
No stickler for office formality, th 
a familiar sight bounding around tl 
But he’s a strong advocate « 

At Baltimore, 
of moving up the ladder in pure engn ns n ad 
ministration. Herwald says, “ rial job here 


his cngineers. 


has an ecquivalent—in dollars 

purely technical position.” 
Despite the heavv work 

for relaxation. Until recently he was an ardent 

of the plant softball team (“You haven’ 

until vou’ve seen Herwald flapping 

chuckled one Air Arm engincet 

some time to impart a little scien 

three children. As he puts it, * 

little science today, becaus¢ 

half the people have to b« 

going on to make sensible decision 

scientific-oriented people—the ones 


but we won’t be able to 


load Herwak make tim¢ 


} 
McmMpec! 


invthing 


science 
unless everybody und 
IIere, too, the good-humored H 
irtificial fences. 
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warehouse 


Escalator from first 


floor 


Control ponel 
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Direction of bay conveyors 


~< 


Pg 
Packing stand 
Operator's control | 
bridge } 
j 
Gas tube 
matrix 


7~ 
,omputer, relay 
system, and 

power supplies 





~~ Direction of bay conveyors, 


Lavout of automatic ware 
housing machine at Brunswig 
Drug Co. shows five main 
collector convevor belts, 














feeder conveyors, and storage 
bavs 


Punched Cards Run Warehouse 


In Los Angeles last month, an 
unique automatic order-filling machine 


machine and deliver the goods to five 
packing stations, one at the end of 


Automatic controls fill or- 


ders at rate of four per min- 
ute, pulling stock from an 
inventory of 1,600 items. 


handled 


from a package of razor 


Products range 


blades (the smallest) to a 
9-in.-wide box of diapers 
(the largest). 
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passed its fast checkout test started 
picking and filling drug orders at a 
rate of one everv 15 sec. Designed by 
Industrial Electronic Engineers and 
designated RVS Mark I, the order- 
assembling system has been installed 
at the Brunswig Drug Co. in Los 
Angeles, where its punched-card con 
trol permits rapid selection from a 
stock of 1,600 different products. 
One of the things that makes this 
system unusual is that it’s built as a 
machine that can be installed in most 
warehouses. The key parts (see draw- 
ing above): 
P five main-line collector convevors 
that run through the center of the 


each convevor. 
P18 bavs containing merchandise at 
ranged perpendicular to the collector 
convevors. Under each bay (there are 
nine on each side of the collector 
conveyor) is a feeder conveyor that 
carries the goods from the bay to the 
main collector belts. 
Pa control svstem consisting of a 
special-purpose magnetic drum, digital 
computer, relay switching system, and 
a card reader for input information. 
Here’s how the system works. Or 
ders, received by mail or phone, ar 
sent to a tabulating room where 
quantity and item are punched on 
cards. ‘I'wentv or 30 orders of the 





Here's how 
with feeder convevors un 
derneath send products to 


storage bays 


main collector conveyor 
Extra storage of items is 
carried on under individ 
ual bays. Each chute con 
tains at least an S-hou 


supply of the commodity. 


serrsees8 
Sesteese 


eeeees 





Control indicates order 


loc ited SO 


same class are stacked together, along 
with associated paper work, and then 
sent to the warehouse control console 
Ihe machine operator feeds the deck 
of cards into a reader while he keeps 
the printed paperwork in front of him 
on the desk. ‘Then he presses the ma 
chine start button 

e Pick a channel 
automatically 


(he machine first 
selects a collector-con 
vevor channel, indicating its choice on 
the console. ‘Then it starts dispensing 
the required number of each item on 
the order lo do this, a signal is 
sent to the solenoid-operated dispenser 
mechanism at the bottom of the proper 
chute in the merchandise bavs. Since 
the chutes are inclined at an angle of 
20 deg to the horizontal, the merchan 
cise drops out onto the feeder belt 
when the self-locking dispenser mech- 
anism operates. And it operates once 
for each unit ordered (six times for 

half a dozen, 12 times for a dozen, 
ete) The merchandise drops from the 


number being filled; it is 
that operator can look down warehousing machine 


removed 


chute 6 in. onto the feeder conveyor, 
which crosses over the top of the col 
lector convevor. A system of diverter 
gates is operated also by the computer 
to send the merchandise into the pre- 
viously selected collector conveyor. 

Close to each dispenser mechanism 
is a sensor or “‘feeler’’ switch, operated 
by the merchandise as it moves past. 
(his mercury flipper switch reports 
back to the computer to verify that 
the items ordered were actually dis- 
pensed, and in the right quantity. 

At the end of each collector con- 
vevor is a stop gate operated by the 
computer. When one order is dis- 
pensed to the packing stand, the stop 
gate closes, allowing another order to 
be filled in the same collector channel. 
Order packing is done manually. The 
order packer signifies his readiness for 
another order by pressing a pushbut- 
ton at his station. 

e Paperwork follows along—Back at 
the machine control, the console 


Closeup of solenoid dispenser (preceding chutes have been 


I 


as it drops products onto feeder conve 


shows the order number being filled, 
and which of the conveyors is involved 
lhe operator picks up the paper work 
for an order, notes the channel on 
which it is being filled, and drops the 
papers down a chute so that it arrives 
at the same pa king station as the 
order itself 

When the machine completes fill 
ing the first order (it takes an ay 
of 15 sec) it immediately select 
second channel, starts processing a 
second order. ‘Thi 
in this wav until it runs out of 

Although — the 
1,600 individual 
case lots) and 20 


machine fills orders 


Ware hi us 


machine dispense 
ities In any 
has more than tha 
it is treated as tv 
orders. And the n 
up to 99 units of an 
e Stepped up capacities—D 
Gumpertz, nt of Indust 


givel 
ommodit 
preside 
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WHAT’S NEW 


Diverter gates, operated by the computer, 
move products from feeder conveyors onto 
proper collector conveyor traveling below 


WAREHOUSE... . 


Story starts on page 20 


Electronic Engineers, says the control 
system is capable of handling 10,000 
different commodities, can process 
1,032 commodities on a single order. 
But it has been toned down to handle 
Brunswig’s particular problems. 
Gumpertz also says the warehousing 
equipment can work with a variety of 
em “{ commodities: cosmetics, automobile 
parts, groceries, electronic compo 
| nents, etc. For some of them, he savs, 


WE HAVE SYNCHROS AND SERVOMOTORS | changes in design are required. For 


example, if the system were to handlc 

E DELIVERY bottled goods, ejector mechanisms 

READY FOR IMMEDIAT might have to be redesigned and the 

height of the drop from chute to 

feeder belt lessened to prevent break 
age of glass. 

The IEE president estimates that 
stock, or, if not, we can give a realistic answer. it would cost $200,000 to reproduce 
The list of synchros in production is extensive and new types are the Brunswig installation. It’s ex- 
being added all the time. Sizes include 08, 10, 11, 15, 18 and 23; pected that the drug company will 
types: Control Transmitters, Control Transformers, Control ee the machine in three years. 

PERE ri ena Oe aia Seg Sa Gumpertz is ready to offer other units 
Differential Transmitters, Resolvers, ‘Torque . | in prices ranging from $40,000 to 
$250,000. There are three basic mod- 
els: one is a high-speed unit similar to 
the Brunswig installation; a second 
is an intermediate machine that op 


| erates at a much slower rate; and the 
it's your move next, let us quote for your needs third replaces the card reader with a 


: hand keyboard on which an operator 
Data and prices on request punches in the order. It can handle 
up to 200 items and fill about 100 
orders per day. 
e People out-error the machine—A 
MUIRHEAD POSSISSSR  TESETEISME. MHSTLUNES TS Brunswig spokesman said that his 
company’s experience with the ma 
: chine so far indicated that mainte- 
MUIRHEAD INSTRUMENTS INC., 677 Fifth Ave., New York 3 SF, St nance should not be a serious prob- 


MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada | lem. He also said that errors have been 


TELEPHONE 3717 


cropping up, but that the majority of 
MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 


My them have been traced back to em 
318/3 ployees rather than the machine 


Call Muirheads for an answer to your synchro delivery 
problems. It’s more than likely we have what you want in 


Torque Transmitters, Torque Differential Transmitters 
and Receivers, Linear Variometers, Servomotors, Motor 
lachometers and Tachometer Generators. 





22 CONTROL ENGINEERING 





the most complete line 


TRANSISTORIZED of POWER SUPPLIES 


V.R.P. S.* 
a * VOLTAGE REGULATED 
REGULATION (for line or load) 0.03% POWER SUPPLIES 

or 0.003 Volts (whichever is greater) 


RIPPLE 1 mv. rms. Output 


Impedance 


RECOVERY TIME 50 microseconds output |outpet | 0001 1 Kc- ., Rack Mount 


STABILITY (for 8 hours) 0.03% or 0.003 — a —_$_—— 
Volts (whichever is greater) $C-32-0.5 O05 10.02 | 0.2 119" | 3%” | 13" 
SC-32-1 0-1 [0.01 | 0.1 [19”| 3%” | 13” 
Tubeless. SC-32-1.5 0-1.5 | 0.01 | 0. "| 3%” | 13” 
0.005% resolution with 10 turn 2SC-32-1.5 0-1.5 | 0.01 nl qe | 430 
voltage control. DUAL OUTPUT 0-1.5 | 0.01 | 0. 
Continuously variably output voltage SC-32-2.5 0-25 [0.01 | 0. ” | 3%” | 13” 
without switching. wm $C-32-5 0-5 10.005 » | » 13” 
External overload and short circuit $C-32-10 0-10 10.001 ” » | 43” 
protection included. $0-32:15 0-15 [0.001] >» |i0¥2" | 13" 
et tye negative 28¢-100-0.2 oo2 [01 [10 | | eT ,. 
Units can be series connected. <bean O62 je) | 10 ——— 4 fF 
Suitable for square wave pulsed loading. 11 or jem | 83 2 
Power requirements: 105-125 volts, SC-300-1 Ol 0.1} 1.0 119" * 13° 
50-65 cycle. 400 cycle units available. 
Terminations on front and rear of unit. 
High efficiency. K a re cc O 
Low heat dissipation. Yan 
Compact, light weight. 
Color: grey hammer tone. 
Suitable for bench or rack use. 
Voltmeter and ammeter provided. 
























































INDEPENDENCE 1-7000 


KEPCO OFFERS MORE THAN 120 STANDARD VOLTAGE REGULATED POWER 
SUPPLIES COVERING A WIDE RANGE OF MAGNETIC, TRANSISTOR AND TUBE 
TYPES. MOST MODELS AVAILABLE FROM STOCK. SEND FOR BROCHURE B-581 


on ter Sam = SC-32-0.5 
COWER SUPPLY SC-32-1 


S$C-32-1.5 
SC-32-2.5 


VISIT OUR BOOTHS Nos. 2636-2638 © IRE SHOW © March 24-27 © NEW YORK COLISEUM 
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CHOOSING | wHar’s new 
THE RIGHT 

Typical mistakes: stocking the wrong 
cS 2 | iI PUTE R item in a chute, tabulating the wrong 


commodity on the punched card, 
accidentally dropping merchandise on 
the collector convevor while an ordet 
is being filled. 

[he machine is said to operate with 
an error rate of 0.1 percent. So far it’s 
done a good job of catching most of 
its own mistakes. It also alerts the 
operator if an ordered item is out of 
stock or if the order is only partially 
filled, reporting exactly how many 
items have gone into the partially 
filled order. 

Brunswig can increase the size of its 
inventory merely by adding. storage 
racks and extending the collector con 
vevor belts. Units up to 6 in. by § in 
bv 9 in. can be handled now. A box 
of diapers is the biggest item actually 
dispensed. The smallest: a package of 
razor blades. 


An analog computer ean be your basic tool for 
design, analysis, and control. You can solve a host of 
equations and simulate a variety of physical and 
chemical processes. You can even put the computer 
to work controlling the whole loop. You can do 

all these things quickly, conveniently and 
economically if you choose the right computer. 


Disc Memory Does 
Warehouse's Thinking 


400 miles north of the Brunswig 
Drug Co. another warehouse was 
making news last month. At Factory 
Motor Parts, Inc., of San Francisco, 
an IBM RAMAC-—computer and 
memory—started performing this auto 
supply company’s inventory control 
and customer billing. 

Built around a disc memory unit 
WHAT ARE THE CRITERIA? resembling a stack of large phono- 
graph records, the IBM 305 RAMAC 
has a memory storage capacity of 5 
million characters. It has been in- 
stalled in a warehouse that stocks 
over 23,000 items and serves more 
than 2,500 customers. 


* Built-in simulation board in addi- 24-point function generators for When an order for an auto spare 
tion to regular patch board. synthesis of arbitrary functions. = 
* The functions of the amplifiers Diodes to create limiting, back- 
are uncommitted. lash, and dead zone effects. “ee . 
: : , if it has been superseded by an im 
* The Donner is designed for ex- A true operating console. 

: : a proved model, then its location in 

pansion. You can start with as Two or more computers can be . ; 
few as ten amplifiers. Sahaiammenietesl the warehouse and other information 


The Donner 3100 with non-linear equipment 


Functional versatility and operational convenience. In a great 
measure, the new Donner 3100 combines these key characteris- 
tics at a better price than any other computer on the market. 
Here are some of the things that add up to functional versatility 
and operational convenience: 


part is received, the machine first 
determines if the part is in stock and 


Electronic multipliers to accom- Accommodates extra amplifiers needed to print out the shipping 
modate non-linear terms. at the simulation board for other order and warehousing “picking 
Electronic transport delay gen- uses such as special transfer ticket’. 


erators to simulate “dead time.” functions. At the same time. the c ymputer 


Prices for this high accuracy, medium size analog computer begin at memory automatically prices the 
$12,775 for a computer with 10 chopper-stabilized amplifiers and 20 co- item, computes necessary discounts 
efficient potentiometers. $16,650 purchases this computer with 30 ampli- and le oe 
: me and sales taxes, and then runs a 
fiers and 40 pots. We have prepared an eight page data file describing Gere ye 
the new Donner 3100. Yours for the asking. Please address Dept. 083 routine credit check on the customer 
It also continually analyzes sales 
trends to determine best stock levels. 


See the Donner 3100 SCIENTIFIC With the new equipment, a Factory 
——— COMPANY Motor Parts spokesman said, an order 
in New York can be filled and on a truck within an 


CONCORD, CALIFORNIA hour of its receipt. 
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Type 1432 
Decade Resistors 


are available in ten different models: 1112 total, to 11,1112 total, in 0.12 
steps; 11,1002 total, to 1,111,100 total, in either 12 or 102 steps; and 
1,111,000 total, in either 1002 or 10002 steps. Accuracy is +0.05% for 
most units. Resistance elements are individually adjusted to specified values 
so that resistance increments are always correct. Residual reactances are 
small due to the use of flat resistance forms and unifilar or Ayrton-Perry 
windings. Excellent stability is provided by the use of accurately alloyed re- 
sistance wire, careful production methods, continuous quality control, and 
preaging at elevated temperatures for all units. They can be used at frequen- 
cies as high as several hundred kc. Prices, $68 to $143. 


Type 510 
Decade-Resistance 


UNITS 


used in Type 1432 Decade-Resistance Boxes, 

can also serve as inexpensive standards for 

many measurements. These units are ideal for assembly into equipment 
where decade-resistance switching is required. Eight different decade units 
from 0.12 total, to 1 M2 total, are available. An additional model has 
100,00022 maximum in seven steps: 0.1; 1; 10; 100; 1000; 10,000; and 
100,00022. Prices range from $14 to $35. Write for complete information. 


For power-level, gain, or loss measurements 
— Type 1450 Decade Attenuator, a 6002 
T-section attenuator. 


Type 1450-TA 110 db, total, in 
1 db steps.. $240 
Type 1450-TB 111 db, total, in 
0.1 db steps.. $340 


Type 670-F Compensated Decade Resistor is a constant induc- 
tance decade resistor for a-c measurements where non-reactive 
increments of resistance are required. O to 111 ohms, total, in 
0.1-ohm steps. Price: $100. 


For the determination of voltage ratios 
«.|2 — by comparison or null methods — 
GENERAL \W Type 1454-A Decade Voitage Divider. 
— : Price: $145. 


Ratios from 0.0001 to unity in 0.0001 steps Accuracy: +(0.1% + 0.000001) 


GENERAL RADIO Company 


275 Massachusetts Avenue, Cambridge 39, Mass., U.S.A. d on or renee 


are now covered by a 


Broad Avenue at Linden, Ridgefield, N. J. NEW YORK AREA 1000 N. Seward St. LOS ANGELES 38 
8055 13th St. Silver Spring, Md. WASHINGTON, D. C. 1150 York Road, Abington, Pa. PHILADELPHIA 
1182 Los Altos Ave., Los Altos, Calif. SAN FRANCISCO 6605 W. North Ave., Oak Park, Ill. CHICAGO 
in CANADA: 99 Floral Parkway, TORONTO 15 





WHAT’S NEW 


Electronic Chevrolet 


At the 
Center 


General Motors ‘Technical 
one dav last month, a 1958 
Chevrolet cruised down a_ specially 
prepared road. What made this event 
unusual was the fact that there was 
no human driver at the wheel. In- 
stead, a small analog computer and a 
servo system steered the car, following 
a magnetic path. Producing this path 
was low frequency ac power coursing 
through a cable buried in the road. 

l'o Dr. Lawrence R. Hafstead, vice- 
president in charge of GM research, 
the driverless Chevrolet represented 
“the hardware phase of a system dem- 
onstrated in model form in 1953 by 
RCA”. Since then, RCA has set up 
a test strip near Lincoln, Neb. and 
used it for a signal system. Now GM 
is taking the signals from the road and 
putting them through specially de- 
signed equipment to steer a full-size 
passenger Car. 

The equipment Hafstead meant 
starts with a pair of tuned pickup 
coils on the front bumper of the test 
vehicle. These straddle the magnetic 
path. Since the voltage across the 
terminals of the coil depend on the 
strength of the magnetic field, any 
deviation or lateral motion of the car 
causes a difference in voltage from one 
pickup coil to the other. 

hese voltage variations feed into 
a small electronic analog computer 
mounted on the instrument panel. 
I'he computer measures the difference 
in voltage, then sends a signal to the 
servo system to position the front 
wheels and correct the error signal. 

Although nobody at GM is ready 


The Kiev—an AIll-P 


VIENNA— 

Russian scientists are assembling a 
new universal computer at the Ukrain- 
ian Mathematic Institute, according 
to reports reaching here. Called the 
KIEV, the machine has been designed 
to control processes at chemical, met- 
allurgical, and oil-refining plants and 
to solve a wide range of scientific and 
engineering problems. 

As a computing-controller, it is said, 
the new computer will set the optimal 
mode of operation of a blast furnace 
(for example), taking into considera- 
tion the quality of the ore, coke and, 
sinter cake. Once it has set operating 
guides, the computer keeps an eye on 
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to predict that the computer-con- 
trolled car will be the Chevrolet of 
the future, the auto executives did 
point out that steering control might 
be just the first step of a really sophisti- 
cated system “for controlling vehicle 
spacing, detecting location of cars, 
or giving the driver signals for throt- 
tle and brake control’. 

The electronic Chevrolet also had 
one other piece of equipment worthy 
of mention: a switch to turn off elec- 
tronic control when passing other cars 
and making turns at intersections. 


FIER Posts First Year 


Accomplishments 


Just before the 1956 ISA show, 
ISA established the nonprofit Foun- 
dation for Instrumentation Educa- 
tion & Research. Then in February 
1957 Lloyd E. Slater left his post as 
CtE’s managing editor to become 
FIER’s first executive director. Last 
month, executive director Slater re- 
ported on the foundation’s first vear 
in business. He diagnosed normal 
growing pains, offset by some solid 
activity. 

Like most foundations, FIER’s 
first job is to win the confidence of 
people, companies, and groups that 
might contribute funds for educa- 
tional purposes. ‘The infant has to 
convince such tough evaluaters as 
the National Science Foundation, for 
example, that FIER’s projects are 
soundly conceived, are capable of 
good management. 

In 1957, FIER 
projects: 

¢ Biomedical conceptual clinic— 
instrument designers and biomedical 


launched these 


urpose Computer 


the process, maintains the mode set 
and then signals when the pig iron is 
ready for tapping. 

Developed by Ukrainian scientists 
under the direction of Boris Gned- 
enko and Prof. Viktor Glushkov, the 
KIEV is capable of performing about 
7,000 operations per sec. All its units 
—including the digital, the storing, 
and other elements—operate on differ- 
ent frequencies to facilitate adjust- 
ment. Widespread use of semicon- 
ductor units has improved reliability, 
according to the Russians. And the 
standard elements out of which it is 
made can be used for the assembly of 
various special purpose computers. 


researchers met to study medical in 
strumentation problems. 

¢ Food analysis conceptual clinic 
—on-stream analysis of food process- 
ing was discussed by instrument de 
signers and food industry engineers. 

eFIER/ISA fellowship at Casc 
Institute of ‘Technology—in instru 
mentation. 

e Acronautical research award of 
$1.200—made to Stanford University 
in behalf of the North ‘Texas Section 
of ISA. 

For FIER’s second full vear of op- 
eration, Slater is overflowing with 
plans. Currently being activated 1s 
a three-week summer school in 1n- 
strumentation and process control for 
post-high school institute instructors, 
a conceptual clinic on metal-working 
instrumentation, tentatively sched- 
uled for June, and for later in 1958, 
a technician job analysis survey to be 
run jointly by FIER and ISA 


Explorer Reports 


Around the world, 12 Minitrack 
stations and 6 Microlock stations are 
keeping tabs on the U.S.’s first satel 
lite, Explorer. Minitrack (Ctl, Dec. 
1957, p. 22) is the primary system for 
tracking; Microlock is a backup meas 
ure being run for the Army by the 
Jet Propulsion Laboratory of the Uni- 
versity of California. 

Explorer sent out its scientific in- 
formation signals both in tone modu- 
lation and phase modulation. ‘The 
telemetered data was recorded on 
magnetic tapes at the various Mini- 
track stations. The tapes were first 
sent to the Jet Propulsion Laboratory, 
and then are forwarded to research 
centers conducting the various experi- 
ments. For example, the University 
of Iowa is receiving cosmic ray in- 
formation. 

It’s expected to take up to 8 
months before these telemetered re- 
ports have been analyzed. ‘Then, 
they'll be ready for transmission to 
IGY world data centers, where other 
nations will have access to the data. 


New Boiler Controls 


Although electric utility companies 
are concentrating on computing con- 
trol for efficient distribution (see page 
73), they haven’t neglected boiler con- 
trols completely. Dayton Power & 
Light, Metropolitan Edison (Read 
ing), and Philadelphia Electric Co. will 
place once-through boilers in opera- 
tion this year. Each will be equipped 
with an L&N direct-energy-balance 
combustion control system. 





NOW! END READOUT CONFUSION... 
with the new KIN TEL digital voltmeter 


ANOTHER FIRST FROM KIN TEL! Here is a digital voltmeter that 
shows numbers on a readable single plane! With KIN TEL’s new 
design, there are no superimposed outlines of numbers in the 
picture...no confusion caused by dials and old style numerical 
readouts. This digital readout uses a simple projection system — 
provides 7,000 to 8,000 hours of lamp life, compared with 100 to 
200 hours for ordinary readouts. 


FIRST OF A COMPLETE LINE OF DIGITAL INSTRUMENTS! Others 
include: Converters for measuring AC, ohms, ratios...multiple 
input scanners...serial converters to drive typewriters and 
punched tape units. 


WIDE APPLICATION! KIN TEL digital instruments are ideal for 
automatic check-out systems for missiles and rockets; computer 
measurements; process control monitoring; production testing; 
test system calibration; strain gage, thermocouple and other 
transducer measurements, and calibration of laboratory and 
industrial electronic instruments. 


Talk to your local KIN TEL representative. Sales and service 
everywhere. Or write us direct for further information. 


See the difference! 


ORDINARY READOUT 


KIN TEL READOUT CLEAR AND SHARP, ANY WAY YOU LOOK AT IT 


Input Impedance 


Output...\ 


Weight 
Price 


Over 10,000 KIN TEL instruments 


A Division of Cohu Electronics Inc 
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...about a Fast, 
Reliable Way to Plot 
Nyquists! 


Only one instrument, the Servoscope® 
Servosystem Analyzer, provides all 
the necessary data to plot a Nyquist 
diagram for any servosystem or com- 
ponent. Either sine, square, or modu- 
lated carrier wave signal is available 
as the input to your system. Each of 
the selected frequencies is fed in 
turn into the system. By turning the 
calibrated phase dial for a null 
pattern, the resulting quantitative 
changes are read directly. Signal 
amplitude (voltage gain ratio) is 
read directly from the associated 
indicator. The Nyquist diagram is 
completed by plotting phase and gain 
for each of the selected frequencies. 
Servoscope is the only single 
instrument that: 
¢ Covers the frequency range from 
0.001 to 100 cps through choice of 
5 standard models. 
Evaluates both AC carrier and DC 
servosystem. 
Provides all the following signals 
— sine wave, modulated carrier 
wave, and square wave phaseable 
with respect to either electronic 
linear sweep or sinusoidally modu- 
lated reference signal. 
Has a frequency calibration accu- 
racy of +2°; phase measurement 
accuracy of +1°. 
Accepts any carrier frequency 
from 50 to 2000 cps. 
Requires no calibration. 
Indicates by means of associated 
oscilloscope, oscillograph, phase 
meter, or frequency meter. 


Ay ee 


Chief Control Systems Engineer 


Send for the full story on Servoscope 
Servosystem Analyzer. Just address your 
request on your company letterhead to 


Dept. TWD, 


SERVO 


fore] ie]. Vale), | 
OF AMERICA 


SE oe 


New Hyde Park, L. I., N. Y. 
2 CP A co A Re | « 


j 20-20 Jericho Turnpike { 
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WHAT’S NEW 


Automatic Pilot Plant... 


uses electronic instruments, on-stream analyzers, 
and computer-control to cut experimental errors 
and to speed up testing. But its biggest advantage 
may be providing information about processes. 


A continuing project for many con- 
trol engineers in the process industries 
is understanding what goes on in the 
complex processes they have to con 
trol. Engineers at the Esso Standard 
Oil Co.’s Bavwavy (N. J.) refinery ex- 
pect to learn a lot more about refining 
when a computing-controlled pilot 
plant is installed this spring. 

Called the Micro-Plant, the new 
equipment was designed by Consoli 
dated Electrodynamics Corp. It’s a fat 
crv from a conventional pilot plant 
Micro-Plant permits quick changes in 
process conditions because it uses elec 
tronic controls and needs onlv eve 
dropper quantities of products because 
it relies on on-stream analvysis instru- 
mentation. A digital computer auto 
matically programs a test, monitors 
temperature, pressures, flows, and gas 
and liquid stream composition,—and, 
in some cases, logs out the data. 

Esso will try out this new equip- 
ment on a catalyst improvement proj 
ect. The company is trving to work 
out better catalvsts for its Powerform 
ing process. That’s a reforming proc 
ess that changes the molecular ar 
rangement of low octane paraffin and 
napththene to high octane aromatic 
hydrocarbons. By using Micro-Plant 
the company expects to decrease ex- 
perimental error one-third, to cut the 
number of runs in half. 

At Bayway, the new pilot plant will 
fit into three cabinets, barely enough 
to cover the wall of a small office (a 
major change from the conventional 
pilot plant that frequently is a sprawl- 
ing maze of pipes, instrument connec- 
tions, and gages). The input svstem, 
in the first cabinet, accurately meters 
five or six different liquids or gases 
fed to the reactor—which is in the sec- 
ond cabinet. The third cabinet will 
contain the product recovery system 
that collects and separates the various 
products from the reactor, measuring 
their volume and weighing them to an 
accuracy of 0.1 percent. 

Both the service and product recov 
erv systems are general-purpose units, 
designed to handle a wide range of 
catalytic processes. The reactor, too, 


can be easily changed to suit the 
process. 

In running a test, 
program the computer—a Royal Mc 
Bee LPG 30. That 
such questions as how long to run the 
plant, how long to stay on a given 
phase of operation, and what operat 
ing conditions to use. Once the pro 


gram’s inserted, the takes 


engineers first 


means deciding 


computer 
Over. 

It starts off by automatically pres 
sure-testing for leaks. ‘Then it 
the test. The program probably would 
include an oil regeneration 
cvcle, a catalvst treating cvcle, and a 
shut down cvcle after a specified num 
ber of complete cycles. If an uncon 
trolled condition is 
which is outside preset 
computer automatically shuts 
the pilot plant. 

On-stream-analysis is made possible 
by the use of seven different kinds of 
instruments. These are located both in 
the input and in the product-recovery 
sections. In the product-recovery sec 
tion, on-stream chromatographs fur 
nish product-composition data. ‘Two 
of these, vapor-liquid partition dec 
vices, analyze all liquid hydrocarbons 
boiling up to 325 deg; a third chro 
matograph analyzes the gas stream 
for hydrogen and C, through C, hy 
drocarbons. 

During regenerations, oxygen 1s 
measured by a Haves 
analyzer; hvdrogen by a CEC thermal 
conductivity analyzer; carbon dioxide 
by a Mine Safety Appliance infrared 
analyzer; and water by a CEC mois 
ture analvzer. 

Data from all these 
flows back to the computer, 
selected data is typed out automati 
cally in a predetermined format. Dur 
ing long tests, an engineer can check 
the pilot plant at any time and be 
“told” what phase the test is in, which 
valves are open, and what information 
is operating the system. And he can 
also call for a printout of what infor 
mation the run has accumulated so fat 

Esso expects a big payoff on its new 
automatic pilot plant despite its high 
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cvcle, a 


detected — one 
limits—the 
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Fransmitter, mag- 
cesindicator. (No 
iquously moving 


Basic system consist@ 
netic servo amplifier; 
electron tubes, slid 
parts.) 

In measuring preg 
utilizes a twisted bo : #he pressure sens- 
ing element. This converts “4@ pressure into 
shaft rotation of the ElectroSyn signal generator, a 
rotary differential transformer. The 8!/>-volt signal 
output from the ElectroSyn signal generator is an 
a-c voltage exactly proportional to the measured 
variable. Write for ElectroSyn Brochure B257— 
Norwood Controls Unit, Detroit Controls Division, 
938 Washington St., Norwood, Mass. 


| transmitter 


More and more leading pipe- 
line companies are choosing 


CONTROLS 


ELecTROSYN 
SYSTEMS 


to measure and indicate 
Operation pressures and flows, 
and for digital telemetering... 























us 6OCcPS 


Basic Null-Balance System for Pressure, Differential Pressure, Level” 


bec ause ElectroSyn offers: 


Higher reliability 

Lower maintenance 

Flexibility of application 

Rugged electro-magnetic system 

Can withstand static overload of 300% of rated pressure 
for a 1% zero shift 

Remote transmission 

Explosion-proof transmitters 


American-Standard 


DETROIT CONTROLS DIVISION 
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TRANSFORMERS 


by TECHNITROL 





TYPE ME-6 

















PIN NO.'S 
(SOTTOM View) 

















TYPE MP-4 


* 
Be 
2. 0.020" 0'A 20.002" 











Wound on ferrite cores, the Type M series is available in a variety of 
windings to cover pulse widths from 2 microseconds down to .05 micro- 
second, wound inverting or non-inverting. 


While the M series is particularly adapted to subminiature and transistor 
circuits, we design and build pulse transformers to fit specific circuits or 
to meet definite mechanical or thermal requirements, including MIL-T-27A. 


Additionally, Technitrol makes a complete line of lumped and distributed 
parameter Delay Lines and a variety of electronic test equipment. 


For additional gon 


information, YY; 

write today for ECHNITROL 

our bulletin Yy ENGINEERING COMPANY 
L7H 1952 E. Allegheny Ave., Phila. 34, Pa 


VISIT OUR IRE BOOTH NO. 3120 
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price tag, $250,000—10 to 20 times 
the cost of a conventional unit. Most 
of the saving stems from shortcuts in 
time. But the biggest advantage may 
be in new information about proc- 
esses. Esso thinks the new automatic 
pilot plant may show the way to some 
long-time oil-industry goals. One Esso 
will work on: an on-stream chemical 
test for octane rating to replace the 
empirical engine test. 


New Computer Subsidiary 
Stars in R-W Self-Appraisal 


With the sale of the first RW-300 
tucked in the order book (CtE, Jan. 
58, p- 44), executives of Ramo-Wool 
dridge Corp. gathered in New York 
to talk to the press about the indus 
trial future of that fast-growing com 
pany in computing control. On the 
agenda: two hot commercial subjects. 

Subject number one was the forma- 
tion of ‘Thompson-Ramo-W ooldridge 
Products, Inc., as a wholly-owned sub- 
sidiary to make and market digital 
computers (and possible future prod 
ucts) for process control. Subject 
number two: how the “new” company 
sees the future of computing control. 

Joseph F. Manildi, general manager 
of TRW, bore the brunt of the tech 
nical aspects of the discussion. Said 
Manildi, “I'll be pleased if we sell 
12 systems using the RW 300 in 
1958.” Manildi also told the group 
that the company would continue the 
policy of conducting free study pro 
posals for prospective customers. 

Although there’s been only one con 

crete sale announced to-date, the com- 
pany has conducted studies in a 
variety of industries. Manildi claimed 
that in every application examined, 
the equipment would pay for itself 
in‘ from less than one year to threc 
years maximum. He also tossed out 
some other “‘ball park” figures. Instal 
lation cost of a digital computing 
control system ran from a fraction 
of the cost to ten times the cost of 
installing conventional instrumenta 
tion, depending on the process. In 
cement making, for example, the cost 
ran the full ten times. 
* Goal is 500 hours—Answering a ques 
tion on reliability, Manildi said the 
company was shooting for 500 hours 
of continuous operation between 
failures. 

Harold George, senior vice presi- 
dent of Ramo-Wooldridge,  substi- 
tuted for President Dean Wooldridge, 








who is also president of the newly- 
formed ‘TRW, Inc. George told the 
group that R-W’s sales in 1957 passed 
the $42 million mark (capping one of 
the most fantastic rises in recent in- 
dustrial history: in 1954, the com- 
pany’s sales were $1 million, in °55, 
$10 million, in ’56, $29 million). Of 
the $42 million, over 90 percent rep 
resented sales to the military. 

Before the meeting, George con- 
fided that TRW would soon be able 
to announce the sale of two more 
RW-300’s for process control. One 
will go to a cement manufacturer on 
the West Coast, the other to a major 
chemical company for installation in a 
pilot plant. Overseeing production of 
these, and all other RW-300's to 
come, is TRW’s new vice-president 
for manufacturing, Irwin A. Binder, 
formerly assistant general manager of 
lhompson Products’ ‘Tapco plant. 


Yugoslavs Plan 
Numerical Control 


The first numerically-controlled ma- 
chine tools to be built in Yugoslavia 
are on the boards of two Yugoslav 
companies: Radioindustrija and Prvo- 
majska. According to proposals, the 
former will produce the electronic 
equipment, the latter, the machine 
tools themselves. 

Already under way is design work 
for prototypes for the following tools: 
an electronically-controlled copying 
lathe, an electro-erosion metal-work- 
ing machine with electronically-con- 
trolled distance regulation and water 
supply, and an_ ultrasonic-wave-con- 
trolled boring and grinding machine 
capable of grinding the hardest ma- 
terials used in production. 


Computer History Book 


Visitors to the 1958 Brussels World 
Fair—which opens next month—will 
see a computer history book in action. 
IBM has turned its 305 RAMAC 
random access disc memory into a 
history book by recording in 10 lan- 
guages the most significant event in 
each year since the birth of Christ. 
Covering 1,962 years, because _his- 
torians now believe that Christ was 
born in 4+ B.C., the memory book 
prints out a chosen event in less than 
a second. A visitor can select a year 
and then read the significant event of 
the year in his preferred language. 

I'o make the historical file, many 
scholars studied over 50 sources. The 
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PRESSURE 


FLOW 
PROPORTIONING 
COMBUSTION 
POSITION 


Key Component 
for those 
TOUGH CONTROL JOBS 





THE ASKANIA 
JET PIPE RELAY 


THE ASKANIA JET PIPE RELAY, nucleus 
of Askania Controllers for pressure, flow, 
proportioning, combustion and position, is 
designed for the TOUGH control jobs. You can 
depend upon it for the operation of LARGE, 
HEAVY valves, dampers, engine throttles and 
other final control elements or those having 
high thrust requirements. 


The Askania Jet Pipe Relay provides double 
acting positive correcting power which opens 
and closes the valve without the need of a 
spring return. 


Shown on this page are typical examples of 
Askania’s ruggedly constructed Jet Pipe 
Control systems used for flow, pressure, 
proportioning and combustion control ap- 
plications. Askania Jet Pipe Controllers: 


e operate equally well indoors and out- 
doors—won’t freeze 


operate even under the most adverse ambient conditions 
are easily installed 
require minimum maintenance 


give instantaneous response to minute changes in the measured 
variable 


Send Which describes and illustrates how Askania Jet 

for Pipe Regulators can be applied to various process 

applications...shows you the solution to your own 

General tough problems. Write Askania Regulator Com- 
Catalog pany, 266 E. Ontario St., Chicago, Illinois 


M&A necutaror company 


, Elec raulic and Electronic Controls — 
lf and Cylinders—General System Engineering 


A SUBSIDIARY OF 
GENERAL PRECISION EQUIPMENT CORPORATION 





to lap the servo field 


Fast getaway wins at 200°C 


Thi 


For all the facts about 
Beckman Rotating 
Components, cut 

down for quick reading, 
write for data file 33G. 


Helipot Corporation 

B ec lk ma n Newport Beach, California 
——~ ° a division of 

H e I ! eye}: Beckman Instruments, Inc. 

Engineering representatives 
in principal cities 
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toughest job, according to IBM, was 
finding data on the years prior to the 
Renaissance, a period that is poorly 
chronicled. Once the outstanding 
event for a vear was identified, it was 
put into a statement of 100 charac 
ters, translated into 10 lan 

Ihe 100-character limit repres¢ 
the capacity of a single channel of 
RAMAC’s buffer drum. ‘The almost 
2,000 statements in 10 languages re 
quire less than 2 million of RAMAC’s 
5-million character capacity 

Phe important happening for 1957 


is the launching of Sputnik | 


mguages 
r¢ 


presents 


Computer Abstracts 


Still another unusual job for a com 
puter was unveiled by IBM_ last 
month. This one had more meaning 
for technical men: computer abstract 
ing of technical and scientific articles 

Reporting at the annual meeting 
of the AIEE, IBM researchers told 
how they had programmed an IBM 
704 Electronic Data Processing §S 
tem to scan a technical artic] 
identify its main significance 

Io do this, the article is first 
punched out on cards 
scribed to magnetic tape wh is fed 
to the computer. Incapable of in 
tellectual comprehension, the com 
puter treats words as physical entities 
It determines their significance by 
measuring the frequency with which 
they are used individually and the 
frequency of combinations and cou 
plings. 

After the article has been scanned, 
word usage and placement undergoes 
a statistical analvsis from which a 
table of values is made. The machine 
then analyzes each sentence based on 
this table and awards a significant 
factor to it. 

It will select, on the basis of the 
degree of these factors, the several 
highest ranking sentences and _ print 
them out. If the significance is ver 
high, a single sentence might serv« 
as the entire abstract. If, on the othe 
hand, the meaning is strung out in 
several sentences, the machine will 
print out all of them. 

One big advantage of machine ab 
stracting, the researchers pointed out, 
is that only original statements of the 
authors appear in the final abstracts 
Ihere’s no chance for misinterpreta 
tion by human evaluators 

However, IBM cautioned that the 
system still had a number of “bugs” 
in it. For example, the machine can 
be “‘fooled”’ by an article that supplies 
a lot of background information. 











new ‘snap-in’ FLOWMETER 
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Copyright 1958 Fischer & Porter Co. Litho in U.S.A. 
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The ultimate in simplicity, the F & P 2700 Series Flow- 
rator meter marks the first major advance in variable 
area flowmeter design in many years. Inserting the 
metering tube is a real snap. Just push down, pull up 

. . and it’s all set! And the tube can be removed just as 
easily without disconnecting the meter from the pipe- 
line. The only tools required are your hands. 


How’s that for simplicity? No stuffing box... no 
packing gland . . . no screws, no bolts, no adjustments. 
Even the face and side plates “‘snap” in. Special O-ring 
construction gives quick, sure seal . . . resists corrosion. 
‘Floating’ between the end fittings, the tube is com- 
pletely isolated from pipeline stresses. This fully field 
tested design withstands even higher pressures than 
conventional stuffing boxes. The 2700 Series can be 
supplied in a variety of corrosion-proof materials, and 
complete accessory equipment is available. Dimensions 
are those recommended by ISA RP-16.1 (tentative), 
for both threaded and flanged meters. 
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In addition, the 2700 Series retains these famous F & P 
features: 

Predictable calibration performance 

Stainless steel enclosures with safety vents 

3. 360° rotatable end fittings 
. Safety glass windows 
Immediate shipment from stock 
And here’s good news for large users of flowmeters. 
You can save 50 to 75% on inventory. Meter bodies 
and tubes can be stocked independently . . . ready to be 
snapped together and installed at a moment’s notice. 
You stock only three body sizes to cover the entire 
flow range from a fraction of a cc/min to 40 gpm. 
Prove to yourself how the simplicity of the 2700 

Series Flowrator Meter can bring big savings to your 
plant. Call your local F & P Field Engineer or write 
for literature. Fischer & Porter Company, 400 County 
Line Road, Hatboro, Pa. In Canada, Fischer & Porter 
(Canada) Ltd., 2700 Jane Street, Toronto, Ontario. 


FISCHER & PORTER COMPANY 
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ZETA Sets the Pace In 


Fusion Studies 


European editors report on 
the weird instrumentation used 
to reproduce thermonuclear re- 
actions. ‘Temperature is the big 
factor. Currently hitting 5 mil- 
lion deg C, Britain shoots for 25 
to 50 million deg C in two or 
three months; but it’s still a long 
way from the estimated 100 mil- 
lion to 1 billion required to sus- 
tain fusion. 


In Harwell in January, U.S. and 
Britain opened the secrecy door a 
crack on fusion power research, al 
lowed the world to see a collection of 
machines capable of reproducing 
thermonuclear reactions in the labora 
tory. The devices (whose names ar 
almost as weird as the machines 

ZETA (Zero Energy Thermonucleat 
\pparatus Developed at Harwell, it 
is a donut-shaped gas discharge ap 
paratus that stands 20 ft high; it has 
reached temperatures of over 5 million 
deg 2 

Sceptre I]I]—Another British ma 
chine with a toroidal discharge tube, 
has reached temperatures of 4 million 
deg C. This device is an industry 
project of British Associated Electrical 
Industries. 

Columbus II—U.S. designed ma- 
chine, uses a straight tube to initiate 
fusion reaction. Temperatures of up 
to 5 million deg C reached. 


Columbus S-4+—A later modifica 
tion of the Columbus II with a 
longer, but still straight, tubc 

Perhapsatron—U.S. device with a 
donut shaped tube, much smaller than 
ZETA, has reached temperatures of 6 
million deg C. 

\ll these machines are devices to 
create a gas discharge; all have been 
designed to attempt to reproduce hy- 
drogen fusion—the process that gen- 
crates energy in the sun—in the lab 
oratory. It’s been known since the 
carly 1930's that if four nuclei of hy 
drogen were fused into a single helium 
nucleus, the resulting difference in 
mass woukl be made up by the emis 
sion of large quantities of energy. In 
the sun, using light hydrogen, it takes 
millions of years to complete a fusion 
cvcle. That’s why researchers are try 
ing to fuse two nuclei of deuterium or 
one nucleus of deuterium with onc 
nucleus of tritium. Such reactions oc 
cur quickly under the proper condi 
tions. 

These conditions includ 
ously high 


tremen 
temperatures, which ex 
plains the emphasis on reaching tem 
peratures in the multi-million-degrec 
range. To do this, all the machines 
change the ingredient deuterium gases 
into a plasma—a wholly ionized gas 
then pass a tremendous surge of elec 
trical current through them. 

Ihe surge has two effects. First it 
heats the gas to high temperatures. 
Then it gives rise to the “pinch 
effect’, which makes the machines 
“magnetic bottles’, keeping the high 


HIGH SPEED ELECTRO MECHANICAL 
COUNTERS, SUMMATION 
COUNTERS, COUNTER-TRANSMITTERS 
ADD, SUBTRACT, CONTROI 
AUXILIARY CIRCUITS. 


INSTRUMENTATION, PRODUCTION 
CONTROL, AUTOMATION, 
COMPUTING & BUSINESS MACHINES, 
AIRCRAFT & MISSILE READ-OUT 
COUNTING RATES OI 
SECOND . 


40 PER 
LIFE — PRACTICALLY 

UNLIMITED 

im ££ FEE EE SE OE UE UU 

DIGITAC, INC. 

420 South Beverly Drive, Be 

an affiliate of Bill Jack Scientific 


Instrument Co. and Otto Nemet 


for detailed informat 


Your name 
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See us at Booth 2237 
Radio Engineering Show 
New York Coliseum 
March 24-27, 1958 


SIZE 11 RESOLVER 
REACHES NEW STANDARD 
OF ACCURACY 


0.03% TOTAL FUNCTIONAL ERROR 


Missile guidance today requires more accurate 

Function Generators, Data Transmitters and Phase Shifters. 
The DIEHL Size 11 Resolver is an answer to these problems. 
DIEHL engineering and exceptional manufacturing methods insure a 
uniformity of product with a great percentage of the total production 
well within the 0.03% Total Functional Error. DIEHL defines percentage 
of Total Functional Error (T.F.E.) as: theoretical sine minus Actual 
Reading divided by sine 90° multiplied by 100. 
A recent statistical check of one standard DIEHL resolver shows: 

74% with T.F.E. less than .... 0.020% 

22% with T.F.E. from 0.020% to 0.025% 

4% with T.F.E. from 0.025% to 0.03% 
This kind of quality eliminates the risk of culling special units from 
regular production. 


All DIEHL standard units are available within 10 days. We invite your 
inquiries, 


* 

DIEH L MANUFACTURING COMPANY 
Electrical Division of THE SINGER MANUFACTURING COMPANY 

Finderne Plant, SOMERVILLE, N. J. 
- Other available comp ts: 
-C. SERVOMOTORS + A.C. SERVOMOTORS WITH A.C. TACHOMETERS 
A.C, SERVOMOTORS WITH D.C. TACHOMETERS «* A.C. AND D.C. TACHOMETERS 
D.C. SERVO SETS * RESOLVERS 
*A Trademark of DIEHL MANUFACTURING COMPANY 





CONTROL ENGINEERING 


WHAT‘S NEW 


_.. Zeta’s sustained the fusion reaction 
for only 5 millisec temperature 
plasma from touching the sides of the 
gas<lischarge tube. Here‘s how it 
works. Movement of the plasma sets 
up a magnetic force around the plasma 
just like the current in a copper wire 
sets up a magnetic field around it). 
lhe magnetic forces act to contain the 
plasma in a thin line, pinch it into the 
center of the tube. 

Unfortunately, plasma is highly un 
stable. It tends to break up, and some 
of the ions move randomly to strike 
the side of the tube. Britain’s major 
contributions in the new machines are 
two techniques to sustain the life of 
the pinched plasma. British scientists 
use the eddy currents that move 
around a metallic gas discharge tube 
in which the reaction takes place, to 
help stabilize the plasma. They also 
try for stability by sending a small 
current around the outside of the dis 
charge tube. 

¢Details of ZETA—Biggest of 
these plasma machines is ZETA, the 
result of five years’ work at Harwell. 
Its heart is a ring-shaped aluminum 
tube, filled with deuterium at pres- 
sures of 10“ mm hg. In operation, the 
gas is weakly ionized by a 3-kilowatt, 
3-me. rf source. Then the pulse energy, 
stored in 52 3l-mfd condensors, i: 
delivered. (Charging current of the 
condensers is limited to 4 amp by a 
saturated triode that brings the con- 
densor voltage up to 25 kv within 9 
sec.) Every 10 sec a_ mechanical 
switch discharges the 500.000 joules 
stored in the bank, sending it through 
a saturable reactor to limit the current 
build up in the switch 

The toroidal ionized gas plasma acts 
is a Short-circuited secondary turn on 
the transformer. The pulse produces 
currents up to 200,000 amp in the 
gas. It’s this amperage that causes the 
heating of the plasma. 

Right now ZETA operates with a 
pulse period of 5 millisec with the 
periods between pulses running 10 
sec. That means that thermonuclear 
reaction has been maintained for only 
0.005 sec. To sustain the fusion re- 
action continually, the scientists esti- 
mate thev’ll need a temperature of 
between 100 million and 1 billion 
deg C. 

e Proof it’s fusion—There still is 
some doubt as to whether there’s been 
real fusion produced. Sir John Cock- 
roft, Harwell’s director, maintained he 
was “90 percent certain” Britain’s 
scientists are working with the condi- 





PU bE BODY DESIGN 


--- THE SOUNDEST APPROACH TO TROUBLE-FREE FLUID CONTROL 


Reduces body turbulence and erosion e Longer seat ring life—retains tight 
closure e High lift in all sizes for better control— greater rangeability e Fewer 
parts— simplified and much lower maintenance. 


YW: 


Annin Valves are the answer to the 
complex fluid control problems com- 
mon in the process industries—Chem- 
ical, Petroleum, Paper, Steam, Power 
Plants, and many others. Today, 
Annin Valves are recognized by con- 
trol engineers and valve designers as 
the outstanding valve development of 
the past twenty-five years for the con- 
trol of hot, cold, erosive, or viscous 
liquids. 


1 BODY .Single seat split body con- 
struction eliminates pockets and shoul- 
ders...reduces erosion 


2 SEAT RING. The body flanges 


retain seat in perfect alignment with 
valve plug 


3 VALVE PLUG AND STEM. 
Valve plugs are contoured to provide 
either linear, percentage, or semi- 
throttle characteristics...reduce turbu- 
lence, wire drawing, plug vibration and 
noise 


4 SEPARABLE FLANGES. 
Can be interchanged at will. Carbon 
steel flanges can be mounted on alloy 
bodies for economy. 


S PLUG GUIDE. Hard metal 
guides of close tolerances can be in- 
serted through stuffing box without re- 
sorting to threads, welding, pressing or 
staking. 





GLOBE BODY 4 


The basic form of all Annin 
Valves. Reduces number of 
parts 50 to 75 
tial costs 


lowers ini- 
ives ON parts iIn- 
ventory and maintenance 


OTHER BODY DESIGNS 
PROVIDE FLEXIBILITY 
IN INSTALLATION 


CORNER 


BODY > 


3-WAY VALVE- 
ANGLE ADAPTER > 


3-WAY VALVE- 
* @q GLOBE ADAPTER 


A N NIN ceramics THE ANNIN COMPANY 
TELEGRAPH ROAD. LOS ANGELES 22, CALIFORNIA 
Coutrol varves 
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more points per dollar 


Expanded 

scale readings 
... increased 
sensitivity 

Inclined manometers give 
expanded scales, greater 
sensitivity and greater 
readable accuracy to any 
measurement application. 
Note the comparison of 
scale lengths for vertical 
and inclined manometers of 
equivalent ranges. It dem- 
onstrates just one phase of 
the versatility you have 
when you know and use 
manometer instrumentation. 


With manometers, the same budget will 

cover more points of measurement 

on your flow chart ... AND at each point, 

you will get more accuracy, more readability, 
more dependability. 

Where else can you find the lowest cost instrument 
with the highest accuracy rating? 

—or a rugged industrial instrument which 
inherently possesses test laboratory accuracy 
and elegance? 

—and whose performance is right out in the open 
. . . literally verified before your eyes? 

Dollar conscious all the way, a manometer costs 
next to nothing to maintain and absolutely 
nothing to operate. 


Bulletin G-14, 

an informative guide to manometers, 

is yours for the asking. 

The Meriam Instrument Co., 

10920 Madison Avenue, Cleveland 2, Ohio. 


| 
| 
| 
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MERIAM MANOMETERS 
always accurate | 
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tions needed for thermonuclear fusion 
and that ZETA demonstrated it. 

rhe dispute centers around the neu 
trons emitted in the process. Accord 
ing to equations of nuclear physics, 
when the two nuclei of deuterium 
fuse, not only is helium and energy 
released but one neutron is also 
emitted. But the acceleration process 
caused by the high transient voltages 
which develop in gas discharges also 
produce neutrons—so-called cold neu- 
trons. The big question: are the neu 
trons detected in ZETA and similar 
machines “‘cold” neutrons or are they 
particles produced by nuclear fusion? 

¢ Measuring temperatures—One in- 
teresting problem that has been solved 
is measuring these multi-million-de- 
gree temperatures. Harwell is using 
seven techniques; of these, spectro- 
scopy and Langmuir probes measure 
temperature directly. 

In the spectroscopy method, the 
scientists use the doppler broadening 
of spark lines from minute quantities 
of oxygen and nitrogen introduced 
into the tube. This method supplies 
a direct temperature measurement ac 
curate to within 20 percent. Measured 
on a quartz spectrograph, the breadth 
of the lines is approximately 1 ang- 
strom. With more efhcient burning 
of the deuterium, however, this tech 
nique may not be usable. 

Langmuir double probes suppl 
direct measurements of temperatures 
by gaging conductivity of the gas dis- 
charge. Still a third direct check is 
provided by radar pulses. The trans- 
mission characteristics of 4- or 8-mm 
radar pulses indicate temperature and 
electron density. 

Indirect measurements are obtained 
from the neutron count using scintilla- 
tion and BF, counters. However this 
data is controversial since not all the 
neutrons are the result of fusion. 

¢ Controls on a fusion plant—Look 
ing a step ahead—at least 20 years, by 
most prognostications—thermonucleat 
power generation will require relatively 
simple controls. Basically, the whole 
system is static with pulse techniques 
providing input power and transform 
ers coupling-setting the output dis 
tribution. The energy gain in the 
torus—the heart of the generation sys 
tem—is itself controlled primarily by 
the energy input levels and_ torus 
dimensions. 

That leaves little to control. The 
main requirements will be monitoring. 
The prime variable: gas temperatures. 

—John Tunstall, Derek Barlow 




















RADAR INTELLIGENCE 
FOR ALL APPLICATIONS 


Produced at 
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Daystrom Instrument meets today’s leat requirements for Missile 
Control Equipment. 


Our engineers and production specialists are qualified, ready EVate | 
anxious to assist in your programs. Our new 350,000 sq. ft:plant is 
completely equipped with the most modern manufacturing and test 
facilities for the production of electronic and electro-mechanical products. 


Be among our satisfied customers in the Armed Services and 
Industry. Contact us for complete information on how we can help you. 


Remember — Reliability Is A Must At Daystrom Instrument. 


DAYSTROM INSTRUMENT 


Division of Daystrom, Inc. 


ARCHBALD, PENNA. 





Visit Our Booths Nos. 1802 through 1810 IRE Show, March 24-27th 


POWER SPECTRAL DENSITY ANALYSIS 
OF RANDOM WAVES 


PROVIDED BY | TP-625 WAVE ANALYZER SYSTEM 


WITH POWER INTEGRATOR 


An Important Design and Environmental Testing 
Tool for Analysis of 
Acceleration, Vibration, 


Pressure/ etc. 
| 


Integrity in instruments for over a 
quarter-century assures reliability of the 
TP-625 Wave Analyzer System. It provides 
accurate, practical, economical solutions to 
problems in a wide range of applications. 

It determines frequency and amplitude of 
components in a complex wave ranging from 
2 to 25,000 cycles. And, with the TP-633 
Power Integrator, it produces a direct current 
analog output proportional to power spectral 
density. Analog can be made proportional 

to peak level, average value, mean square value, 
as well as continuous time integral— 

linear or square—of the voltages in 

a narrow frequency band. 

TRACKS AUTOMATICALLY: Other auxiliary 
equipment includes Servo Drive that allows 
automatic tracking to frequency set by 





speed of equipment being analyzed. 


SQUARE VOLTAGE 


RELATIVE MEAN 


i 


f WA Ap 


Af 
ee: aN 
FREQUENCY 
Get full details. Write for new bulletin 
on the TP-625 Wave Analyzer System. 


Developed, improved and manufactured by 


4 INSTRUMENT DIVISION 





Technical Products Company 





6670 Lexington Ave., Los Angeles, 38 
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Conclaves Ahead 


March and April loom as 

busy months for control engi- 

neers, with several technical 

meetings of special interest. 
IRE, MARCH 24-27 

The 1958 National Convention of 
IRE will open in its traditional New 
York City setting on March 24, fea- 
ture 55 sessions at which 280 papers 
will be presented. The concurrent 
Radio Engineering Show will house 
850 booths exhibiting an estimated 
20,000 products. ‘Technical sessions 
of special interest to control engineers: 

Session 3—Telemetry & Remote 
Control 

Monday, March 24, 2:30-5:00 pm; 

Jade Room, Waldorf-Astoria 

Session 9—Automatic Control 

Tuesday, March 25, 10:00 am to 

12:30 pm; Starlight Roof, Waldorf- 

Astoria 

Session 25—Electronic Systems in 
Industry 

Tuesday, March 25, $:00-10:30 pm; 

Faraday Hall, Coliseum 

Session 37—Electronic Systems in 
Industry 

Wednesday, March 26, 2:30-5:00 

pm; Sert Room, Waldorf-Astoria 

Session 44—Industrial Electronics 

Thursday, March 27, 10:00 am- 

12:30 pm; Sert Room, Waldorf- 

Astoria 

Session 46—Data Reduction & Re- 
cording 

Thursday, March 27, 10:00 am- 

12:30 pm; Morse Hall, Coliseum 

In Tuesday’s automatic control ses- 
sion, to be chairmanned by Magna- 
vox’s John M. Salzer, these three 
papers stand out: “On the Design of 
Adaptive Systems” by H. L. Grogin- 
sky, Columbia University; “The Or- 
ganization of Digital Computers for 
Process Control” by G. Post and E. L. 
Braun, Litton Industries; and “A Self- 
Adjusting System for Optimum Dy- 
namic Performance” by G. W. Ander- 
son, J. A. Aseltine, A. R. Mancini, 
and C. W. Sarture, Aeroneutronic 
Systems, Inc. 


NEW JERSEY, ISA, APRIL 1 

The annual symposium sponsored 
by the New Jersey Section, ISA, has 
slowly but surely been growing into a 
meeting of national stature. This 
year, the year of the 10th symposium, 
that national stature is strongly re 
flected in a slate of technical papers 
from all over the U.S. that will bring 





GENERAL TRANSISTOR 


PROVIDES HIGH RELIABILITY 
IN THE SWITCHING 
COMPUTER TRANSISTORS 


USED IN RADIATION COUNTER LABORATORIES' 
32-CHANNEL-SCALER ANALYZER 


The RCLiac-32 . . . a system used for gross counting with G-M tubes through 
scintillation spectroscopy and pulse height analysis . . . is 95% transistorized 
and portable. All the transistors in this system are GT switching computer 
types 2N315 and 2N316, in JETEC 30 case. These transistors were developed 
and produced specifically to meet the rigid requirements set forth by RCL 
design engineers . . . high speed response, undeviating accuracy and constant 
reliability. Experienced engineers and trained technicians at General Transistor 
are fully aware of reliability important . . . and produce transistors that 

surpass this requirement. Here, again, is an example why General Transistor 

is the fastest growing name in transistors. Write for Computer Brochure G-140. 


See us ar 
Booth 3828 
IRE Show 





























GENERAL TRANSISTOR 


Cc .@) R P oO R A . 1 oO N 
91-27 138TH PLACE, JAMAICA 35. NEW YORK 
In Canada: Desser E-E Ltd., 441 St. Francis Xavier, Montreal 1, Quebec 


FOR IMMEDIATE DELIVERY FROM STOCK, CONTACT YOUR NEAREST AUTHORIZED GENERAL TRANSISTOR 
DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING CORP. 95-27 SUTPHIN BLVD. JAMAICA 35, NEW YORK 


FOR EXPORT: GENERAL TRANSISTOR INTERNATIONAL CORP. 91-27 136TH PLACE JAMAICA 35, NEW YORK 
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P&B PROGRESS / New! Ingenious Impulse Latching Relay 


TWO COIL RELAY PERFORMANCE 
AT SINGLE COIL COST! 


The PC employs a single coil and uses in “‘off-on’’ applications. 
armature to activate an insulated 
rocker arm. Switching is positive, fast 
(30 milliseconds). 


The relay may be ordered open, as 
shown, or in a metal dust cover. 


Low cost, dependability and versatil- Write or wire today for complete in- 
ity make it ideal for a wide range of formation. 


PC SERIES ENGINEERING DATA 


| 
{ Operate: 30 MS. 
Q Terminals: Pierced Solder Lugs. 
Coil: Two #20 AWG Wires. 


” Contacts: One #20 AWG Wire 


= 
a 


(_Leeu 


Enclosures: Dust Cover. 
aes _. CONTACTS: 
—-2%"-% on 2) HOLES “+ Arrangements: 4 Form C. max. (4PDT) 
a 2°’ =| Material: ¥%" dia. Silver Cadmium oxide 


, gold flashed. 
2%" MAXIMUM WIDTH Load: 10 amp. @ 115 V. AC resistive 


SERIES Pressure: 20 grms. min. 


COIL: 
Resistance: .016 to 34,500 max 
Power: DC, 9 watts 1 at nominal 
AC, 18.4 Volt Amps. | voltage 
Duty: Intermittant 
Insulation: Cellulose acetate wrap; varnish 
impregnated (open). 


MOUNTINGS: 


Two %" dia. holes on 2%" center 


GENERAL: 
Description: Single coil, impulse latching relay. 
Insulating Material: Laminated Phenolic. 
Insulation Resistance: 1500 megs min. 
Breakdown Voltage: 500 V. RMS. 
Ambient Temperature: —55°C.to +85°C. 
Weight: 5 ozs. (open). 
Pull-tn: ne Jan } for nominal voltage. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC, 
ELECTRICAL AND REFRIGERATION DISTRIBUTORS 


See our catalog in 
2 Sweet's Product 
une, Design File 
9 . 


PRINCETON, INDIANA + SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 


Manufacturing Divisions also in Franklin, Ky. and Laconia, N. H. 
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the subject of control systems engi 
necring to the local levei in the process 
industrics. 

N. B. Nichols, ‘Taylor Instrument 
Cos., will moderate the program, 
which will include these papers 

-“The Control Loop” by Bruce I 
Powell, Cal.fornia Research Corp 

*“Analyzing the Control Loop” by 
Geraldine A. Coon, Taylor Instrument 
(os. 

* “Testing the Process in the Field” 
by David W. St. Clair, du Pont. 

- “Simulating the Process and Con 
troller with an Analog Computer” 
by Roger G. E. Franks, du Pont 

*“The Systems Approach to Con 
trol Problems” by C. D. Close, CD¢ 
Control Services, Inc 

In an evening session 
tackle the subject of “Implementin 
Control Systems Engineering’, con 
centrating on an attempt to pinpoint 
the time when the process engineer 
should get instrument engineering in 
the systems approach. ‘The meeting 
will be held at the Essex House in 


Newark. 


ASME/IRD, APRIL 2-4 

\utomatic Optimizat i 
theme of the fourth annual conference 
of the Instruments & Regulators Div., 
ASME. Meeting at the University of 
Delaware, the conference will incor 
porate participation by professional 
groups from the AIEEE, IRE, ISA, 
and AiChE. Four technical sessions 
and a panel discussion make up the 
heart of the meeting 

The papers scheduled to 
sented include both theoretic 
practical slants. Tvpical examples 

*“An Approach to Self-Adaptive 
Controls” by C. F. Taylor, Davstrom 
Svstems Div. 

° “Methods tor the Rx 
Self-Optimizing Systems” 

Levin, Columbia Universit 

*-“Continuous Measurement f 
Svstem Characteristics” 1] | P 
Goodman and R. H. Hillslevy, MI 

*“A Technique for Optimizing 
Process Conditions” by A. L. Hoerl 
du Pont. 

*“Dynamic Analysis of i 
by K. L. Chien, E. I. Ergin, C. Long, 
Beckman Systems, and llvn Lee, 
U.S. Navy Bureau of Ship 

¢ “A Gyro-Integrating Mass 
meter” by L. T. Akeley, I 
elder, D. S. Cleveland, General 
tric Co 

Registration at Icast two wecks 
idvance is suggested by the mecting 
committee, to guarantee sufficient ac 
commodations at the university 


( 
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See 


... only volume builder of highest quality 


gyroscopes 


Today at AC, gyroscopes are coming off the production line in volume . . . with unsurpassed uniformity and quality. This is made possible 
by AC-originated manufacturing techniques. These same techniques permit AC to tailor gyros to a specific application and get them into 
production in the shortest possible time. Yet, these “on-the-shelf” gyroscopes are manufactured with such precision that they can sense 
rotation so slight it would, if continued, take years to swing through a full 360°. Seven thousand hours of continuous operation without im- 
portant loss of efficiency is not uncommon. Four sizes—75 x 106; 10 x 106; 2 x 105; 1 x 104—are available for immediate delivery. If you 
are a graduate in electrical or mechanical engineering, and would like to live and work in Milwaukee, write Mr. Cecil Sundeen, Supervisor of 
Technical Employment, Dept. H, 1925 E. Kenilworth, Milwaukee 1, Wisconsin, in care of ... 

AC SPARK PLUG Ep THE ELECTRONICS DIVISION OF GENERAL MOTORS 

Inertial Guidance Systems ¢ Afterburner Fuel Controls © Bombing Navigational Computers * Emergency Fuel Controls 
Gun-Bomb-Rocket Sights * Gyro-Accelerometers « Gyroscopes * Speed Sensitive Switches * Speed Sensors * Torquemeters 
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GUARANTEED 
GREATER 
ACCURACY 


than any other 
Variable Speed Drive 


DES. ENG. SHOW 
BOOTH 449 


ONLY 


most reliable variable 
speed drive made 


BIG FOUR FEATURES! 


UNLIMITED SPEED RANGE — from 


any desired maximum speed to zero, 





including reverse, without stopping 
motor. 


UNMATCHED ACCURACY — of speed 
setting and re-setting, and of speed 
holding. 


ULTIMATE in SIMPLICITY and COM- 
PACTNESS — a straight line extension 
of a standard induction motor — or 
available without motor. 


AUTOMATED SPEED CONTROL — con- 
trol tension, proportion, synchroniza- 
tion, etc. from any control signal; 3 to 
15 PSI, .5 to 5 ma, potentiometer, fre- 
quency, or binary signal from punch 
cards, tapes, or computers. 
eee «CAL sthis backed by 
PROVED PERFORMANCE 
to do a better job 
for LESS MONEY! 


IN SWEET'S 
PRODUCT 
SIGN FILE— 


OR WRITE FOR COPY 


GRAHAM TRANSMISSIONS, INC. 


Dept. CO Menomonee Falls, Wis. 





CONTROL ENGINEERING 


WHAT’S NEW 


AROUND THE BUSINESS LOOP 


IBM Clears Its T-Zone 


More emphasis on R&D seen 
in deal to buy Texas Instru- 
ments’ transistors; a word or 
two on PR procedures. 


Not as a rule a self-effacing com 
pany, IBM could tell a reporter in 
New York Citv barely a thing about 
its new agreement with ‘Texas Instru 
ments, Inc., involving purchase of Tl 
transistors. But when it was pointed 
out to some IBM data-processing peo 
ple at White Plains, N. Y., that their 
company’s kept the doors 
locked on the answers to several ques- 
tions provoked by the agreement, they 
offered a precedent-setting piece of 
news: virtually all IBM transistor pro- 
duction facilities will soon be turned 
over to limited amounts of newly de 
veloped or special-purpose designs, a 
clear indication that all future sup 
plies of transistors for ordinary use¢ 
would come from outside sources. 

A week after the agreement was 
arranged in Dallas, the home of ‘Texas 
Instruments, information about it had 
reached IBM personnel in New York 
in a spotty fashion only. At one point, 
part of the TI release had to be read 
over the telephone to a member of 
the IBM staff in New York City world 
headquarters, where copies were scarce. 
At White Plains, personnel were told 
to sav that more information on the 
IBM-TI deal could be obtained by 
contacting Patrick Hagerty, a TI vice 
president. No reason was given for 
IBM’s decision to let TI carry the ball 
on the publicity. And the only thing 
readily acknowledged was that the 
blackout on IBM’s part had been de 
liberate. Why, could not be said. 
-Immediate purchase—According to 
Texas Instruments, the agreement es 
tablishes a means by which the two 
companies “will work together in the 
area of transistors for data processing 
machines”. Slated for immediate im- 
plementation are an exchange of tech- 
nical information, with the proper 
mutual safeguards, and IBM purchases 
of “‘a substantial portion of its expand- 
ing future commercial 
needs” from TT. 

The fact that it was said that no 
restrictions would be placed on either 
company’s present or future relations 
with other customers and suppliers 


silence 


transisto1 


gave the agreement a long-range look; 
but this, said an “industry source” 
quoted by the weekly Electronic 
News, was not so. It was his under 
standing, said this source, that there 
was a definite time limitation. EN 
also indicated that IBM could be using 
the agreement to clear the decks for 
manufacture of other types of switch- 
ing devices, notably crvotrons, the new 
bi-metallic elements that can 
only in near-zero temperatures. 
*All set financially—One thing was 
certain, at any rate, and that was that 
no two companies are in better posi 
tions financially to go into new ven- 
tures than IBM and ‘Texas Instru- 
ments. In a report on its preliminary 
results for 1957, IBM _ noted that its 
gross volume of business soared over 
$1 billion for the first time in its his- 
tory (gross income: $1,000,431,597). 
In 1956 this figure was a mere $734,- 
399,780. The business-machine maker 
also observed that its net income for 
the year just passed amounted to $89,- 
291,589, compared to $68,784,510, 
and that the former figure included 
$3,927,000 from the outright sales 
of punched-card accounting and data 
processing machines (CtE, March ’56, 
p. 30). 

For its part, TI expects net sales 
for 1957 to exceed $65 million, which 
would be a 45-percent increase over 
the $45.7 million recorded the year 
before, and would represent, among 
other things, record sales of transistors 
and related semiconductor devices. In 
its year-end report, TI also pointed to 
its putting into commercial production 
new gaseous diffused-junction silicon 
transistors for the missile program. All 
these developments were undoubtedly 
factors in the agreement with IBM. 


exist 


New Divisions and Groups 


A test instrumentation laboratory 
for infrared instruments, established 
in Riverside, Calif., by IR Industries, 
Inc. Manager is Arthur J. Cussen, 
formerly head of the Infrared Div. of 
the Naval Ordnance Laboratory, 
Corona, Calif., and a top authority on 
infrared detector performance. Under 
Cussen, who is also managing editor 
of the quarterly “Proceedings of Infra- 
red Information Symposium”, the 
laboratory will design, develop, and 





AMP-lok 


the new concept in multiple connector design 


... IT’S SELF-ANCHORING 


AMP-lok obsoletes all it replaces because of the 
following design features: 


e contacts are identical . . . self-cleaning 
AMP-lok eliminates the necessity for supplementary recessed for safety 


Sore ee Oo finger grip engagement and disengagement 
nector applications. e@ finger grip engag isengag 


e polarized to eliminate circuit error 


Additional literature and samples available on request. e wide panel thickness accommodation —one simple 
mounting hole required 


We will feature the A-MP Automated e color-coding available 


Shielded Wire Ferrule at the IRE Show. 5 
Visit our Booth +2427-29 AMP-lok can be used as a Safe, free-hanging 
multiple connector, also. 


AMP INCORPORATED 


GENERAL OFFICES: 
3239 Eisenhower Bivd., Harrisburg, Pa. 


Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada e Aircraft-Marine Products (Great Britain) Ltd., London, 
England e Societe AMP de France, Le Pre St. Gervais, Seine, France « AMP — Holland N. V. ’s-Hertogent h, Holland 
Distributor in Japan: Oriental Terminal Products Co., Ltd., Tokyo, Japan 
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Kearfott’s creative engineering and production experi- 
ence assures the precision and reliability of their inertial 


f 


guidance systems for the successful performance of all 


liaelelaals equipment 


destination 
predetermined by 
inertial.guidance 





PR 


earfott 


"0 GENERAL 











KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Sales and Engineering Offices: 1378 Main Ave., Clifton, N. 3. 
Midwest Office: 23 W. Calendar Ave., La Grange, illinois 
South Central Office: 6211 Denton Drive, Dalias, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 


CONTROL ENGINEERING 


WHAT’S NEW 


manufacture test instrumentation fot 
IR measurements, and serve as an in- 
frared test and evaluation center for 
industry and the government 

A Systems Group in Varian Asso- 
ciates. headed by William J. M« 
Bride Jr., the former manager of the 
company’s Klystron Development 
Dept. The new separate operating 
unit, combining the former Systems 
Development and Linear Accelerator 
Groups, will handle new products that 
do not fit into standard product lines 
of the Tube and Instrument divisions. 
The field of linear accelerators is a 
brand new one for Varian, but already 
three orders have been received for 
the complex machines. McBride's area 
is prototypes of advanced microwave 
instrumentation systems 

4 Manhattan (N. Y.) Computer 
Center, expected to go on a 24-hour 
duty solving problems on analog com 
puters for customers of the parent 
Mid-Century Instrumatic Corp. In 
charge of the $250,000 center will be 
personnel of Mid-Century’s Comput 
ing Services Div. Charter subscribers 
will be charged a nominal $28.50 an 
hour for the use of 48 of the avail 
able 136 amplifiers. Practically every 
area involving control will be served 

An Instrument Div., formed to 
manufacture and market Schutte & 
Koerting’s line of precision devices for 
measuring fluid rate of flow. To the 
division go a brand new research and 
test center in Bucks County, Pa., and 
the following executives, among 
others: Ralph W. Eberly, formers 
manager of meter sales and engineer 
ing, manager, and Walter F. Dvdak 
and Paul R. Kasmer, supervisor of 
sales and design engineering. 

United Testing Laboratories, a 
new Monterey (Calif.) unit of United 
ElectroDynamics of Pasadena, which 
in turn is an outgrowth of United 
Geophysical Corp. The new facility 
includes the only commercial labora 
tory on the coast that can handle 
major fuse-testing assignments; it also 
has accommodations for testing a 
complete inertial guidance system and 
labs devoted to standards, electronic 
components and systems, instrumen 
tation, and electromechanics. R. D 
l’agaly is general manager. 

\n “ofhice automation” R&D cen 
ter formed by The National Cash 
Register Co. ‘‘to help dig American 
business out from under its mountain 
of paperwork”. Nearly 1,000 research 
ers and engineers work in a 250,000 
sq-ft are enclosing a computer, 
weather- and sound-proof laboratories, 
and other impressive facilities. 





— for twenty years the leader 
an subminiature tubes 
Presents the 
first complete line of 


norco PET LABT 


SUBMIN 


_ TRANSISTORS 


0.160°] in large quantity production — available from stock 
. 2) 
i \ 
| 


featuring PROVED PERFORMANCE 


i \ Over one half million in service 
These new Raytheon Submin Tran- Low leakage current (Ico) 


sistors have one-fourteenth the 
ae 6 ee ee High frequency characteristics 





SUBMIN JETEC-30 Ves fab Hee, Rise Time* 
Type Electrical ave 
a Equivalent max. ave. In = 1 ma = max. 
volts Mc Vee = — 0.25V } Ve usec 





CK25 2N425 —20 4 1.0 

CK26 2N426 —18 6 0.55 
CK27 2N427 —-15 11 0.44 
CK28 2N428 -—12 17 0.33 














T. — 50 ma; Ip, = 5 ma; Ry = 200 Q; In, = 5 ma; Grounded Emitter Circuit 





: JETEC-30 Ver Beta Power Gain a Noise Factor 
— Electrical Class A 
yp Equivalent ave ave ave 

small signal db ua db 


CK22 2N422 ~ 40 6 6 max 
CK64 2N464 - Z 40 6 1z 
CK6S 2N465 42 6 1 
CK66 2N466 - 44 1z 
CK67 2N467 45 1z 











SUBMIN JETEC-30 Vee ob th” 
Type Electrical max ave ave ave 


Equivalent volts Mc ohms 





CK13 2N413 - 2.5 25 70 
6 


CK14 2N414 40 d 80 
CK16 2N416 10 60 é 90 
CK17 2N417 - 20 80 y 100 


























Dissipation Coefficients for all submin types: in air, 0.75°C/mW; infinite sink, 0.35°C/mW 


SEMICONDUCTOR DIVISION 55 Chapel St., Bigelow 4-7500 


SE Sin b:5s00000080e0« 589 Fifth Ave., Plaza 9-3900 
Silicon and Germanium Diodes and Transistors « Silicon Rectifiers Chicago: 9501 Grand Ave., Franklin Park, NAtional 5-6130 


Los Angeles: 5236 Santa Monica Bivd., NOrmandy 5-422} 


VISIT RAYTHEON BOOTHS 2611-12-13-14, I.R.E. SHOW, N.Y.C. 
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Solution Combined in Precision 
Small Diameter Slip Ring by == 
Electro Tec 


If your circuit calls for low torque, low noise, wide temperature range, 
precision slip ring assemblies, Electro Tec can supply your needs. 

Electro Tec miniature units are the product of exclusive manu- 
facturing techniques that insure permanent dimensional stability and 
ultra precision in sub-miniature diameter slip rings! 

Electro Tec assemblies are specified by leading manufacturers of 
precision instruments because of their proved higher mechanical 
strength and greater dependability for the ultimate in performance, 
at no extra cost. 

There is an Electro Tec engineer near you. He will be glad to visit 
you and help on your design problems. 


Write for fully illustrated literature. 


Products of Precision ; 
‘ Craftsmanship 


Pat. No. 2,696,570 
P.O. Box 37H, SOUTH HACKENSACK, N. J. 


Visit our booth 1216-1220 at the IRE Show 


CONTROL ENGINEERING 


WHAT’S NEW 


Mergers Make Big News 


Marriage of Norden-Ketay 
and Solar Aircraft in U. S., 
and that of Elliott Bros. and 
Associated Automation in Eng- 
land are both significant, 
though circumstances differ. 


Ihe same day it traded 38,700 
shares to make it the most active stock 
on the American Stock Exchange, 
Norden-Ketay Corp. announced 
director-approved merger with Solar 
Aircraft Co. A week before, N-K had 
led The New ‘York Times’ ‘most 
active list’’ with 88,400 shares traded 
But most of this activity had, un 
fortunatelv, been downhill, creating a 
need, in the words of Chairman Paul 
Adams, for ‘“‘substantial additional 
capital funds in order to preserve out 
status and maintain the potential of 
our company’. 

Ihe merger agreement calls for an 
exchange of all of the 1,293,193 shares 
of Norden-Ketav’s common stock out 
standing for about 230,000 shares of 
Solar’s 700,052 common outstanding 
This is a ratio of one share of Solar 
for everv 5.62 shares of Norden-Keta\ 
Said Adams to his stockholders: “Your 
company was hit hard by government 
contract rescheduling and the receipt 
of virtually no new production busi- 
ness, while the defense effort was be 
ing appraised.” As a result, he said, 
there was a “serious reduction of 
working capital”. 

In 1956 Norden-Ketav’s sales 
amounted to $22,752,993, up 68 per 
cent from the vear before (CtE, May 
57, p. 52). In the subsequent 11 
months, this figure went even higher, 
to $25,213,724. But in both periods 
net loss also increased: in 1956 to 
$505,280, and in 1957 to $1,107,667 
Solar’s sales for the vear ended April 
30, 1957, were $83,118,545, up from 
$51,645,522 (CtE, Dec. 57, p. 54). 
Its net income was down for this 
period, but there had been manufac 
turing problems and a strike. 


* * * 


Since the war Elliott Bros. of Lon 
don has been steadily negotiating its 
way to a top position among the con- 
trol and automation groups in Europe 
Up to 1955, activities of the 158-vear 
old company were primarily in process 
control, aviation, and instrumentation. 
Then came an expansion of interests 
that placed it squarely in fields rang 
ing from hydraulic conveyors to food 
preparation machinery. Just as 1957 
came to an end, Elliott began discus 





two more UNIT PREAMPLIFIERS 


in the new 


SANBORN ‘‘450"’ SERIES 


Here are the newest of the recently introduced Sanborn “450” Series Unit 
Preamplifiers —compact, lightweight, self-contained instruments for use with opti- 
] 


cal and tape recorders, wide band ‘scopes, panel meters, computers, etc. (For use 


with high speed optical galvanometers at frequencies above 500 cps, requiring 
larger current swings, a transistor output amplifier is built into the 450-1800A True 
Differential DC type and available as optional equipment on other 450’s.) As with 
all 450 Unit Preamplifiers, the new Servo Monitor and D¢ upling models 
mount in either individual portable cases or in the four-unit 19° module frame 
(#354-1100-C2) shown. The 450 designation refers to unit kag of Sanborn 
350 Preamplifiers and Power Supplies in individual 450 cases ysening two 
front panel thumbscrews allows quick, simple interchangeability I all “450” 
Preamps use the 350-500 Power Supply (which remains ace ¢ rear of the 
lrame or case), new requirements necessitate only additioné camplijier units, 
permitting sizable savings in equipment investment 


The Model 450-1200 is a phase-sensitive demodulator, whose yutput voltage 


is proportional to the in-phase (or 180° out-of-phase) component of an AC signal 
with respect to 
istics as negligible quadrature signal error, provision for fl ng al and reference 
inputs, front panel VT VM for accurate calibration signals. 1 450-1200 accepts 
the outputs of resolvers, synchros, differential transformers an .er transducers. The 


150-1300A is a moderate gain, balanced input—balanced output DC amplifier. Its 


a reference. Precision measurement Is Le¢ such character- 


input circuit performs equally well with single-ended or 

The “450” Series Unit Preamplifiers presently include the Model 450-1100 Car- 
rier, 450-1200 Servo Monitor, 450-1300A DC Coupling and 450-1800A True Dif- 
ferential DC types. Following these will be “450” Series Logarithmic and Low 
Level types. Further data and application information on present models is 
available on request 


MAJOR SPECIFICATIONS 


MODEL 450-1200 SERVO MONITOR PREAMPLIFIER MODEL 450-1300A DC COUPLING PREAMPLIFIER 


cn 


Sensitivity: 5 mv (in phase) produces Sensitivity 


Input Impedance: Sign 
Refe Input Impedance: 5 megohms ec 
Frequency Response 
Carrier Frequency Filter Input: Single-ended or push 
Preamplifier Output Jack 


Reference Voltage: !nte 
Quadrature Rejection: ® 


oeeeveeveeeeen eee 


Output Impedance: |k 


¢ Drift: Referred to input 2 mv /hr. line voltages 


Calibrate Voltage 
Drift: Less thon l¢ f f 
Preamplifier Output Jack: 


Frequency Response: 0-20kc 


Calibration: 100 millivolts internal 
Rear inputs ond overload indicator lights cre 
Output Impedance: |k 

Overall Linearity 


Linearity: +'4°% 


Rear inputs included 


SANBORN 
INDUSTRIAL DIVISION 
175 WYMAN STREET, WALTHAM 54, MASS. 


Power Requirements: 


See the new “450s” and other Sanborn equipment at 
Booth 3601-3603 I. R. E. Show 
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GREATER... 
. OUTPUT “D e Multi-column 


e Smaller size 


” STABILITY | ames Dy - Hermetically 
' sealed 
“ACCURACY 
Cox and Stevens 


LOAD CELLS 


For greater accuracy and stability in all types of weight and force 
measurement, specify new Cox and Stevens hermetically sealed load cells. 
Sixteen strain gages in multi-column design provide up to 250% greater 
output, improved stability and better uniformity between cells. Capacities 
range from 500 to 200,000 Ibs. All cells with 30 feet of special moisture- 
and chemical-resistant cable in stainless steel jacket. 


Cox and Stevens’ fifteen years experience in designing and manufacturing 
load cells, plus dead weight testing facilities which make possible calibra- 


tion to higher accuracies, assure maximum reliability. Write for technical 
bulletins. 


TYPICAL SPECIFICATIONS 


. Recommended Input: 20 volts 
. Change in Output, No Load to Full Load:........... 1.750 + .1% millivolts/volt input 
i ike etc de abc kddeeteeadeeteneeenwe dh +> .25% of full load output 
. Output Linearity: .. 0 to + .20% of full load output 


. Temperature Effect on 
Cell Output (15 to 115°F): 


. Temperature Effect on 


ne os staat edetasenghaneineiien eekhoune eee 450 + 1 ohms 
. Allowable Load:. .. 225% of rated capacity 
Deflection Under Rated Load:... ...-.+...Less than 0.003” 





APPLICATIONS 





BATCH WEIGHING PLATFORM SCALES MISSILE WEIGHING 


also Continuous Weighing - Proportioning - Truck, Track,.Tank and Crane Scales - Thrust Measurement 


REVERE CORPORATION OF AMERICA 
Wallingford, Connecticut nephune 


A SUBSIDIARY OF NEPTUNE METER COMPANY 











/ 


CONTROL ENGINEERING 


WHAT’‘’S NEW 


sions with Associated Automation, 
Inc., also of London, about a possible 
merger. ‘hat merger, now completed, 
has brought about what is probably 
the largest automation and instrumen 
tation organization in Europe 
Associated Automation was formed 
in 1928 as the Hall Telephone Co., a 
manufacturer of telephone ancillary 
equipment. It changed its name in 
1955 and was joined by James Gordon 
& Co., Inc., combustion control spc 
cialists; in 1956 Electroflo Meters Co., 
Ltd., one of the largest producers of 
flow meters and controllers in’ the 
United Kingdom, came in. Licensing 
agreements with Panellit added data 
reduction and logging equipment, and 
agreements with Sauter Controls, Ltd., 
idded air conditioning and _ heating 
controls. 
¢ Diversified—Under the Elliott ban 
ner in the U.K. are these subsidiaries 
Bristol Instrument Co., Ltd., Fisher 
Governor Co., Ltd., Rotameter Mfg 
Co., Ltd., B&P Swift, Ltd., Swift & 
Swallow, Ltd. (food preparation), and 
Webb Convevors & Automation, Ltd 
On its own, Elliott is carrving 


guided missile, nuclear-control, 


especially, computer development 
work. Under a long-term agreement, 
its 402 business computers are mal 
keted through the U.K. and Europe 
by The National Cash Register Co. In 
iddition, it owns a major share of As 
sociated Insulation Products, Ltd., a 
holding company that operates several 
subsidiaries in the insulation field. 

A rundown of the divisions of the 
new $30 million EJhott-Automation 
Group shows activity in just about 
every field of control and automatic 
system development. ‘This means 
process control, switchboard instru 


on 
and, 


mentation, electronic computing and 
control, electronic industrial weighing, 
fire control, guided missiles, micro 
wave work, and nucleonics. Its inter- 
connection with other control firms is 
international, with licensing agrec 
ments with Bendix Aviation Corp., 
G. M. Giannini & Co., Inc., Indus- 
trial Instrument Corp., The Swart- 
wout Co., as well as the American 
counterparts of some of Elliott’s sub 
sidiaries. 

Production by the group’s divisions 
is spread through nine plants, of 
which six are in the London area. A 
payroll of nearly 8,000 saw to it that 
the group made a pretax profit in 195¢ 
of a healthy $2.7 million. 


* * * 


Consolidated Electrodynamics Corp 
and Cenco Instruments Corp. (for- 
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9st existing counting equipment 
WITHOU 


BDIFICATION! A reliable, accurate, compact instrument that fills an industry need 


for a truly high-speed, low cost digital printer. It may be connected directly to digital counting 


instruments and will print, on standard adding machine tape, the count measured 


during each counting sequence. Important features include: Parallel Entry, 
No Stepping Switches, Relays or Moving Contacts. 
Furnished standard with 6 digit print-out 


but up to 12 digits is optional. Write today for complete specifications 


Dept. 76-N 


Computer-Measurements 
5528 Vineland Ave., No. Hollywood, Calif 


Subsidiary of 
Hane or k 
Manufacturing 
Company 


Corp. 


Dept. 033 
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TJ spacemaker cylinder | war's — 


to give quality results 


with Extras... 
at No Extra Cost! 


Ys 


You get more—much more—when ‘you 
specify and use any of T-]’s complete line of 
Spacemaker cylinders. The Spacemaker is 
engineered to give you better, more accurate, 
and longer service—offers, exclusively, many 
extras...that are STANDARD, AT NO 
EXTRA COST! 

Designed to eliminate tie-rods, providing 
greater strength . .. saves space. . . reduces 
manhours and costs in all push-pull-lift op- 
erations. OFF SHELF DELIVERY in a wide 
range of styles and capacities, with 64,000 
combinations.: Write for catalog SM 56-2 
with complete engineering details. The 
Tomkins-Johnson Co., Jackson, Mich. 


>) TOMKINS-JOHNSON 
RIVITORS. AIR AND HYDRAULIC CYLINDERS CUTTERS CLINCHOR 


SEE US AT BOOTH 1423 
A. S. T. E. SHOW 


CONTROL ENGINEERING 


METAL PISTON ROD SCRAP- 
ER... Standard at No 
Extra Cost! 


NEW “SUPER"’ CUSHION FOR 
AIR...Standard at No 
Extra Cost! 


CHROME PLATED CYLINDER 
BORES AND PISTON RODS 
. . « Standard at No Extra 
Cost! 


ONE PIECE PISTON... 
Standard at No Extra Cost! 


NEW ‘‘SELF-ALIGNING" 
MASTER CUSHION FOR HY- 
DRAULIC USE . . . Stand- 
ard at No Extra Cost! 


NO TIE-RODS TO STRETCH 

. . « Standard at No Extra 

Cost! 

STREAMLINED DESIGN... 

Oil Pressure to 750 P.S.1.— 

air to 200 P.S.1. Standard at 

No Extra Cost! 

FORGED SOLID STEEL HEADS 
. Standard at No Extra 

Cost! 


merly Cenco Corp.) have announced 
they are negotiating to combine. A 
marriage of the big California con 
trols manufacturer and the 75-year-old 
Chicago laboratory-instrument maker 
would create a selling power of at 
least $44.5 million a vear—$30 million 
on CEC’s part and $14.5 on Cenco’s 
(1957 figures). It would unite CEC 
facilities in California and New York, 
and Cenco operations in California, 
Chicago, Tulsa, and Canada. 

Said CEC’s Chairman Philip S. 
ogg, “Cenco’s nationwide organiza- 
tion for the marketing of laboratory 
equipment and scientific instruments 
will open new avenues for the exploi- 
tation of many CEC products. At the 
same time, Consolidated’s broad _ re- 
search and development program 
should add significant new products 
to Cenco’s. well-established _ line.” 
Cenco’s President Alfred A. Strelsin 
indicated that the merger “should re- 
sult in one of the country’s outstand 
ing instrument organizations’. ‘Tenta 
tive agreement calls for an exchange 
of three shares of Cenco stock for 
every CEC share. 


New Companies in the Field 

Metrix Corp., organized by a group 
of former Baldwin-Lima-Hamilton 
senior engineers to champion the 
strain gage—in Newton, Mass. The 
men are: Malcolm Green, who will 
be in charge of manufacturing; David 
J. First, who will oversee engineering, 
and Stanley Charren, whose area will 
be sales. All three were associated with 
B-L-H’s Electronics & Instrumenta- 
tion Div. The new company will man- 
ufacture instrumentation for use with 
strain gages and strain-gage devices, 
and will fabricate systems based on 
them. Its first product will be a test 
bridge for very accurate millivolt-per 
volt signals for instrumentation check 
outs. Green, the former assistant chief 
cngincer of the B-L-H division, was 
with Ruge deForest, Inc., when it was 
bought by B-L-H in 1955. 

Watkins-Johnson Co., which will 
specialize in microwave tubes under 
the guidance of a Stanford professor 
of electrical engineering and a former 
Hughes Research Laboratories engi- 
neer-executive—in Palo Alto, Calif. 
Dean A. Watkins, who will continue 
in his position at Stanford, is president 
of the new concern, and H. Richard 
Johnson, who headed the Microwave 
lube Dept. of the Hughes labora- 
tories, is vice-president. 

[Continued on page 160] 





New Skinner Valves 
at Low Prices 


Here it is— one of the many new lines Skinner will 
bring you in 1958. A new 2-way, normally closed, 
pilot-operated valve that is lighter in weight — only 
1 34 pounds—and smaller in size, yet permits full 
flow through a 14” orifice with 3%” or 14” pipe taps. 

The valve handles pressures from 5 psi to 150 psi, 
with temperature ranges from —40°F to 180°F, and 
will operate on all popular AC and DC voltages. It’s 
small but rugged, economical but efficient — manu- 
factured to the highest engineering standards of the 
Skinner Valve line. 


Versatility is also a feature of the new Skinner L 
Series; modifications are already available for normally 
open operation, with such options as manual override, 
explosionproof construction and choice of electrical 
connections to fit your application requirements. 


You can get full details of this exciting, new valve 
line by writing us direct or by contacting the Skinner 
Representative or Distributor near you. He’s listed in 
the Yellow Pages. Write Dept. 343. 





2-way normally closed 
shown actual size. 


LOOK AT THESE HIGH-QUALITY FEATURES: 


Unique Diaphragm Design — by actual test, this new de- 
sign outperforms all others—the diaphragm is com- 
pletely supported at all times. The nylon-reinforced buna 
diaphragm has a high resistance to media impurities, and 
only a small area is exposed to pressure, which assures 
long, trouble-free life. 


So Easy to Mount—so light in weight that it can 
economically mount directly to line. 

Operates upside down, sideways, in any position — strong 
spring action snaps valve shut —every time. 

Forged Brass Body — provides low porosity and dense 
metal structure for rugged application and no leakage. 
Low Wattage Consumption — coil consumes only 8 watts, 
considerably less than comparable valves 

Soft, Synthetic Inserts — withstand constant opening and 
closing of pilot and main orifices — are long-wearing and 
provide absolute bubbletight operation 





Internal Stainless Steel Parts — eliminate internal rust- 
ing, clogging or contamination. 








ELECTRIC VALVE 
DIVISION connecricur 


105 EDGEWOOD AVENUE 


THE CREST OF QUALITY 
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STATISTICAL COMMUNICATION TECHNIQUES 
and SPACE TECHNOLOGY 


The transmission of information to the earth from a ballistic missile or a space vehicle 
presents unusual problems in communications. With severe limitations on equipment size 
and power, the communication system must operate in the presence of receiver noise and 
interference from the radio environment, including terrestrial sources and, for longer 
ranges, sources in space. Statistical communication techniques are valuable tools in 
achieving reliable communications under these difficult conditions. These techniques, by 
providing means for coding and decoding information and for determining the amount 
of information which can be sent, make possible the use of low-strength signals which 
otherwise could not be sorted out from the background of interference and noise. 

The statistical approach is also important in the development of systems with a high 
degree of immunity to electronic countermeasures. The less regular or predictable the 
nature of transmitted waveforms, the less likelihood there is that interference will prove 
effective against the communication system. However, it is necessary to design the 
system to take maximum advantage of the near-random waveform characteristics. 

Future space vehicles inherently will impose greater demands on communication 
systems. Systems for guidance, tracking, and data transmission through space to the moon 
or the nearer planets are now real goals in space technology. In the development of such 
systems, statistical communication techniques can be expected to play a significant role. 

At Space Technology Laboratories, both experimental and analytical work are 
proceeding in the application of statistical techniques to the problems of space vehicle 
electronics. This work illustrates the advanced research and development activities in 
STL’s Electronics Laboratory and the emphasis upon the application of new techniques 
to the requirements of space technology. 

Both in support of its over-all systems engineering responsibility for the Air Force 
Ballistic Missile programs, and in anticipation of future system requirements, STL 
is engaged in a wide variety of research and experimental effort. Projects are in progress 
in aerodynamics, propulsion, structures, and electronics. 

The scope of activity at Space Technology Laboratories requires a staff of unusual 
technical breadth and competence. Inquiries regarding the many opportunities on 
the Technical Staff are invited. 


Space TECHNOLOGY LABORATORIES 


A Division of The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE STREET * LOS ANGELES 45, CALIFORNIA 
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for precise automatic furnace temperature control 





ICKER$,.. MAGNETIC AMPLIFIER 


POWERLINK 


VickERS 


POWERLINK 


La, 








FURNACE 





RECORDER 
CONTROLLER 





TEMPERATURE 
DETECTOR 
































POWERLINK 


uses signals from standard recorder controllers 


Where kilowatts of power must be precisely controlled controlled by a Powerlink unit used in conjunction with a 
by milliwatt signals, the Vickers Powerlink offers: recorder controller, is held at 1500° Rn with temperature varia- 


a 


@ Fast speed of response. tion of only +0.4° C, 


@ Proportional stepless control, providing greater 


If your operation requires precise control of high power 
precision. 


with low level signals, the Vickers Powerlink unit is tailor-made 
to fit your needs. It is available in 1] standard sizes ranging 
2 : : , from 1.5 to 10.0 kilowatts, with input resistance of 2000-20,000 
# Easy installation, with no contractor required. Te ; . e r 
Guiv & dissonneet ewiteh ts needed ohms, and milliampere input ranges of 0-5 m-a, 0-15 m-a, 
‘ 4-8 m-a and 0-20 m-a. Units are completely wired ready for 
immediate installation. 


@ Freedom from maintenance, in contrast to off-on 
contactor method of control. 


A Powerlink serves in the electric furnace shown above, 
in which silicon crystals are grown—a process demanding 
extremely accurate temperature maintenance. The furnace, Write today for complete information on the Vickers Powerlink. 


VICKERS INCORPORATED 


DIVISION OF SPERRY RAND CORPORATION 


ELECTRIC PRODUCTS DIVISION 


1805 LOCUST STREET « SAINT LOUIS 3, MISSOURI 
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‘ >| 5 > | bf | Y 
FREQUENCY 


STANDARDS 





PRECISION FORK UNIT 
TYPE 50 
Size 1” dia. x 3%” H.* Wght., 4 oz. 
Frequencies: 240 to 1000 cycles 
Accuracies:— 

Type 50 (+.02% at —65° to 85°C) 
Type R50 (+.002% at 15° to 35°C) 
Double triode and 5 pigtail parts required 
Input, Tube heater voltage and B voltage 

Output, approx. 5V into 200,000 ohms 


*3%" high 
400 - 1000 cy. 


FREQUENCY STANDARD 
TYPE 50L 
Size 3%” x 4%” x 5%” High 
Weight, 2 lbs. 
Frequencies: 50, 60, 75 or 100 cycles 
Accuracies:— 
Type 50L (+.02% at —65° to 85°C) 
Type R50L (+.002% at 15° to 35°C) 
Output, 3V into 200,000 ohms 
Input, 150 to 300V, B (6V at .6 amps.) 








PRECISION FORK UNIT 
TYPE 2003 
Size 144” dia. x 44%” H.* Wght. 8 oz. 
Frequencies: 200 to 4000 cycles 
Accuracies:— 
Type 2003 (+.02% at —65° to 85°C) 
. Type R2003 (+.002% at 15° to 35°C) 
*314" high Type W2003 (+.005% at —65° to 85°C) 
400 to 500 cy. Double triode and 5 pigtail parts required 
optional Input and output same as Type 50, above 


FREQUENCY STANDARD 
TYPE 2005 
Size, 8” x 8” x 7%” High 
Weight, 14 lbs. 


Frequencies: 50 to 400 cycles 
(Specify) 


Accuracy: +.001% from 20° to 30°C 
Output, 10 Watts at 115 Volts 
Input, 115V. (50 to 400 cycles) 








FREQUENCY STANDARD 
TYPE 2007T 
TRANSISTORIZED 

Size 114” dia. x 444" H.* Wght. 7 ozs. 
Frequencies: 240 to 1000 cycles 
Accuracies:—Same as 2003, above 

Type 2007S—Silicon type 

Input, 28V. 

Output, Multitap, 75 to 100,000 ohms 

*3%4” in 2007S, 400 to 800 cycles. 


FREQUENCY 
STANDARD 
TYPE 2121A 
Size 
834” x 18” panel 
Weight, 25 lbs. 
Output: 115V 
60 cycles, 10 Watt 


Accuracy: 
+.001% from 20° to 30°C 


Input, 115V (50 to 400 cycles) 








FREQUENCY STANDARD 
TYPE: 2001-2 

Size 3%" x 444" x 6” H., Wght. 26 oz. 
Frequencies: 200 to 3000 cycles 
Accuracy: +.001% at 20° to 30°C 

Output: 5V. at 250,000 ohms 

Input: Heater voltage, 6.3 - 12 - 28 
B voltage, 100 to 300 V., at 5 to 10 ma. 


FREQUENCY 
STANDARD 
TYPE 2111C 
Size, with cover 
10” 217” « 9” H. 
Panel model 
10” x 19” x 8%" H. 
Weight, 25 lbs. 
Frequencies: 50 to 1000 cycles 
Accuracy: (+.002% at 15° to 35°C) 
Output: 115V, 75W. Input: 115V, 50 to 75 cycles. 











ACCESSORY UNITS 
for TYPE 2001-2 
L—For low frequencies 
multi-vibrator type, 40-200 cy. 


D—For low frequencies 
counter type, 40-200 cy. 


H—For high freqs, up to 20 KC. 
M—Power Amplifier, 2W output. 
P —Power supply. 








This organization makes frequency standards 
within a range of 30 to 30,000 cycles. They are 
used extensively by aviation, industry, govern- 
ment departments, armed forces—where maxi- 
mum accuracy and durability are required. 


WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER 





Ameriean Time Products, Ine. 


580 FIFTH AVENUE, NEW YORK 36, N.Y. 


CONTROL ENGINEERING 








Miniature, automatic pilot plants designed by CEC for the chemical and 
petroleum industries are providing faster, more accurate data for studies 
of new process-design concepts. Integrated instrumentation in unattended 
operation can be programmed for continuous composition analysis ...data 
logging, scanning, computing, or closed-loop operation ...with data as the 
product. Write for the complete story in BULLETIN CEC 3013-X1. 


systems division GOnNSOlidated Electrodynamics 


300 N. Sierra Madre Villa, Pasadena, California | Offices in Principal Cities Throughout the World &) 





Plant includes utilities, reactor, distillation. Instrumentation 
includes digital computer, logger, scanner, product-compositior 
analyzers, controllers, graphic panel, digital programmer. 
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FINAL 
CONTROL 
ELEMENT 


AIR 
LOADING 
ee a 











” a 


fA REALLY VERSATILE 
l, CONTROL VALVE — with 


only two moving parts 2«2 
a wmelal 

Now, simplified instrumentation combines the 
simple air loaded, Leslie diaphragm operated valve 
with various air operated devices. This is the valve 
that filled a real need when introduced about a year 
ago, wearing a 3-year guarantee against maintenance 
in normal pressure reducing services. 

This new final control element is gaining wide ac- 
ceptance for use with a variety of pneumatically oper- 
ated controllers — simplifying pressure reductions, 
temperature regulation, remote stop valve applica- 
tions and many process steam control services. 

Ideal for “problem” installations 

This control valve is ideal for either continuous or 
intermittent service and has remarkable immunity to 
dirty steam. Furnished in cast iron, sizes 4 - 2”, it is 
suitable for any steam service up to 250 psi, 450F, and 
many fluid services. 

It's simple — it’s accurate 

This Leslie control valve has only two moving parts 

---no fussy seals, no stuffing boxes, no small dirt- 
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OPERATE THIS CONTROL VALVE 
With ANY Of These PNEUMATIC DEVICES — 


PRESSURE REDUCTIONS 


Fe 
1 4 
“) 
4 \ 4 
CW” 


. 


CONTROLLER 
TEMPERATURE REGULATION 


— 





CLASS A 
4, AIR LOADER TYPE P 


PANEL LOADER 








TEMPERATURE 
CONTROLLER 


| TYPER 
| TEMPERATURE 
PILOT 


REMOTE STOP VALVE 
APPLICATIONS 


SOLENOID 
VALVE 


, * 

Apubl& 
catching parts; yet, with all its simplicity, it 
provides uncanny accuracy with its ,feed-back 
action. It lends itself readily to remote adjust- 


ment, too. : 
: More Information 


Ask your Leslie engineer to tell you more about 
this really versatile valve and the simplified 
instrumentation “packages” now available. You’ll 
find him listed in your classified directory under 
“Valves” or “Regulators” and eager to come up 
with new ideas for simplifying pressure, temper- 
ature and liquid level control systems. 


* Send for Bulletin 561-A 
These Ane 


the Prasdenti. tommerde- 
Lven the ad didit Ahnorw- 


Mmnamager 
REGULATORS and CONTROLLERS 


211 Grant Avenue, Lyndhurst, New Jersey 








These could be the 


MOST IMPOR 
TANT rr 
you ever read! RELAY “SPECS” 


e Hereisarela 
y admirably geared t 
circuit desi o the needs of today’ 
gners. Hermetically sealed—no bigger than a fo oe 
stage stamp 


—stalwart to withsta 

nd extremes of t 

vibration— emperature, hea 

ion—yet fast and more than moderately ciails Jalelen@-lalemt-1'7-16>) 
ive, 


CLARE Type F RELAY 


| SPECIFICATIONS 





Ambient Temperature. ..- _—65° C to +125° C. 

Shock 50 Gs for 11 milliseconds. 

Vibration ; 5-75 cps at maximum excursion of Y-inch, 
75-2000 cps at 20 Gs acceleration. 

Dielectric Strength... Sea level—1000 volts rms between terminals 
and frame, and between adjacent circuits; 
750 volts rms between contacts of a set. At 
80,000 ft., 350 volts rms. 


Insulation Resistance.. 41000 megohms minimum at 125°C. 


Coils Coils up to 410,000 ohms available for a wide 
range of voltages or currents. 


Nominal Operating Power. .250 milliwatts. 
Pickup Time ; ee milliseconds nominal. Designers of printed circuit 
Dropout Time....-----> 1.5 milliseconds nominal. layouts will note terminal 






























Contact Arrangement. _.2 pdt (2 form ©. arrangement is nicely suited 
Contact Rating..------- 3 amps resistive at 28 volts d-c or 115 volts to 1/10 inch grid spacing. 
a-c; also for low-level applications. 


Contact Resistance....-- 0.050 ohm maximum. 


Contact Life ae Te 500,000 operations minimum at 2 amps; 
400,000 operations minimum at 3 amps. 


Enclosure....---++*r*7"*"" Hermetically sealed, filled with dry nitrogen 
at 1 atmosphere pressure. 


Mounting ipneanaeeee All popular mounting arrangements available. 














 caamaeeangeancstseeaeeeaeeeenene nner” 


Terminals.....---++09000"" Printed circuit; solder; plug-in (matching av <P ae 
socket available). Variations of printed-circuit ZS WT I E\ 
terminal length on 1/10-inch grid spacing IS eV 
available. 


Weight : 17 grams. Contacts, rated at 3 amperes, 


Military Specifications. . MIL-R-25018; MIL-R-5757C, except as to con- are proven also for low-ener- 
tact overload. gy level circuit applications. 











A? <F 
4¥ ae 74 ey 

lis ie in te te | 
wuul 
All popular mounting ar- 
rangements are available. 


—— 




















F , 
or complete information send for Bulletin 


Add. ve 
ress:C.P.Clare &Co., 3101 See uae Padeaas 


45, lilinois. in Canad P r n 700 e [C 
a:C .ClareC 
4 anada Lid.,2 
Jane Street, Toronto 15. Cable Address Clarelay 


FIRST in the industrial field 





HETHERINGTON 


SWITCHES « INDICATOR LIGHTS « SPECIAL ASSEMBLIES 


ENGINEERING NEWS :9 


FUNCTIONAL SWITCHING BLENDS 
WITH NEW DE WALT “IMPERIAL” 


The new De Walt “Imperial” Cut- 
ting Machine Tool sports a smartly- 
designed, up-front switch panel that 
gives safe, fingertip control of eleva- 
tion and motor operation. 


Completely fabricated as a 
“package” by Hetherington, the De 
Walt assembly uses three Hether- 
ington “B2001” SPST switches and 
a Hetherington “H” series DPST 
switch—all mounted on an alumi- 
num panel, functionally decorated 
with colored plastic. A recessed 
“ON” button reduces accidental 
starting hazards. 


The tease-proof momentary 
contact mechanisms of these snap- 
action switches provide exception- 
ally positive “feel” for all opera- 
tions .. . and with a life cycle that 
spells real switch economy in 
heavy-duty mill operations. 

The multi-purpose De Walt “IJm- 
perial” is just one of many new 
commercial products where sturdy, 
good-looking Hetherington 
switches are enhancing appearance 
and saleability while assuring long, 
happy switch performance. 





INDICATOR LIGHTS 
to MIL-L-6723 Specs 


Designed to critical aviation and mili- 
tary performance requirements, these 
subminiature Hetherington Indicator 
Lights bring bright, 180-degree visi- 
bility to both standard and edge-lit 
panels. Lamp circuits are fully insu- 
lated from the aluminum cases for 
un-grounded operation. 

Only 1-11/64” long overall, the 
Hetherington “L6600" Series (MS- 
25256) can be furnished with incan- 
descent AN3140 lamps for 6, 14, 18, 
or 28 volts. The slightly longer “L- 
7100” Series (MS25257) takes new 
midget flange base NE-2D neoz 
lamps. Over 10 lens colors are avail- 
able for each type. 

Details on these, as well as other 
Hetherington Indicator Lights to im- 
portant military specifications will be 
sent on request. 





LANYARD RELEASE SWITCHES simplify remote triggering 


Modern ballistics often have electrical 
circuits that must be mechanically 
triggered from a safe, remote location 
—yet with full reliability. In the Heth- 
erington Type A8400 Lanyard Re- 
lease Attachment, the switch plunger 
is held depressed under spring tension 
by a special reiease pin. A long cord 
may be attached to the pin so the 


switch may be released from a dis- 
tance simply by yanking the cord. 

The release attachment freely ro- 
tates in a 360-degree arc. It may be 
used with a variety of 35-amp Heth- 
erington “HDS” Series Switches. 

Dimensions and electrical specifica- 
tions of this rather specialized, but 
typical, Hetherington attachment will 
gladly be sent on request. 


HETHERINGTON INC. DELMAR DRIVE, FOLCROFT, PA. + 139 Illinois St., El Segundo, Calif. 


STANDARD SWITCHES FOR SPECIALIZED REQUIREMENTS 
See Us at the I.R.E. Show — Booth 2337 
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D-B SUB-CHASSIS 
REGULATED 
POWER SUPPLIES 


model 4-200X 


‘ a 
400 VDC — 200 MA 
— excellent regulation 
This is a versatile unit built for 
highly dependable operation. 
Regulation—for 105 to 125 V 
line: 100 MV change; NL to FL: 
100 MV change. Adjustable by 
factory from 250 to 420 VDC. 
bulletin 1025 


mode l 28-2 WX 


28 VDC — 2 Amps 


A compact, unregulated source 
of power for operating relays, 
motors, switching circuits, etc. 
Size: W: 314"; L: 914"; H: 414" 
above chassis, 1” below 
chassis. bulletin 1026 


models .28-5MX: .28-5MXR 


LS 


28 VDC—5 Amps—adjustable 
Transformer taps on Model .28-5MX 
permit adjusting to 28 volts for varia- 
tions in line and load. 

28 VDC—5 Amps 

—regulated by mag. ampl. 

Model .28-5MXR—regulation for 115V 
*10V line: +0.25V; NL to FL: 0.5 V. 


bulletin 1018 bulletin 1019 


—__—_}—_____ 








model 5-300X A 


ye. 


500 VDC — 300 MA 
— adjustable, regulated 


Adjustable from 250 to 500 
VDC by simple internal 
changes. Regulation—for 105 
to 125 V line: .05% change; 
NL to FL: .05% change. Size— 
W: 5”; L: 1214"; H: 53g” above 
deck. bulletin 1017 





models 1.5-70X , 


Exceptionally Small Types 
—W: 414"; L: 5”; H: 414” above 
chassis; 134” below chassis. Ripple 
below 4 MV RMS. 
outputs: 
150 VDC—70 MA, fixed 
(model 1.5-70X) 
250 VDC—70 MA* (model 2.5-70X) 
300 VDC—70 MA** (modet 3-70X) 
*adjustable at factory: 220-260V 
**adjustable at factory: 240-350V 


bulletin 1028 


2.5-70X , 3-70X 





| 


model 3-150XHS 


300 VDC — 150 MA 

— Mil. Spec components 
Dependable power for mobile 
computers and amplifiers. 
Excellent regulation and low 
ripple. Factory adjust 250-425 
VDC; pot range 50 volts. With- 
stands high humidity. 


bulletin 1023 


models 1-20X, 1.5-20X, 2-20X 


Octal plug-in units 
—only 214" wide; 234” long; 414" 
high. Ripple below 5 MV RMS. 
outputs: 
105 VDC — 20 MA (Model 1-20X) 
150 VDC— 20 MA (Model 1.5-20X) 
210 or 105 VDC @ 20 MA 

(Model 2-20X) ™ 

bulletin 1023 


With the wide range of voltages and currents offered by 
these units, design engineers can quickly find a model 
compatible with their needs. Each unit features simplified 
design, highest quality components, easy-to-trace wiring, 


and high reliability. 


dressen-barnes 


DRESSEN-BARNES CORP. 
250 N. Vinedo Ave., Pasadena, Calif. 
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SoILE QUALIT 








10,000 
11,000 


12,000 
Synch 


05 


None 
(Shaded Pole)| 
0.1 





10,000 0.5 | .060 
(400 CPS) | (In Parallel) | (400 CPS) 








60 
Synch 


30 
Synch 


6,000 
Synch 


12,000 
Synch 
7600 
8.5 


6.0 


14,000 


1,780 


Other products include servos, syn- 
chros, motor-gear-trains, resolvers, DC 
motors, servo mechanism assemblies, 
servo torque units, motor tachs, refer- 
ence and tachometer generators, actu- 
ators and motor driven blower and fan 
assemblies. 


0.1 070 | 


| 


2.0 0.35 


0.3 


0.35 


Required 
4.0 


None 
Required 


3.75 


8.0 
(400 CPS) 
8.0 


8.0 


0.112 oz. in. 
at 6000 rpm 


-096 ot. in. 
at 7000 rpm_— 


-08 oz. in. 
at 12,000 rpm 


0.10 oz. in. 
at 9000 rpm 
(400 CPS) 


12 oz. in. 
ot 60 rpm 
14.5 oz. in. 
at 30 rpm 


0.14 oz. in. 
at 6,000 rpm 


0.41 ox. in. 
_at 12,000 rpm 
2.45 oz. in. 
at 6800 rpm 


10-A 


8104-02 


10-A 


siol-o1_—| 


11-A 

a. 

| 11-A 

|__ 8223-01 
11-R 
9003-02 
11-R 


__ 9052-01 


15-A 


8 Ox. pci 18-A 
8125-01 


8120-01 





24 Oz. 18-A 


8126-01 





30 or. in. 

as rpm 

40 o:. in. 

at 5.75 rpm 

1 oz. in. 

at 20,000 rpm 


6.17 ot. in. 
at 10,800 rpm 


8.9 o:. in. 

at 7,500 rpm _— 
1530 oz. in. 
at 72 rpm 

15 oz. in. 

at 4500 rpm 
12 ox. in. 

at 1700 rpm 


20 Oz. 40s) | 18k 


 18-R 
_ 9302-02 


20 Oz. 5$65:1 


9302-01 


} 
wae 





18.5 Ox. 21-A 
___|__8142-01 
29 Ox. 24-A 
8161-01 
24-U 
8826 02 
24-R 
9452-02 


28 Oz. 
3 Lbs. 
3-3/4 Lbs 34-U 
8901-02 
34-A 
8044-01 


4-3/4lbs. 


e All motors are continuous duty except Type 24-U-8826-02. 
e —55°C to +85°C operating temperature range. 
e All motors can be modified to meet your precise specification. 


e For faster service, detail requirements when requesting further information. 


Engineers For Advanced Projects: / 
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EASTERN OFFICE 
237 North Main Street 
Hempstead, L.!|.. New York 
Phone: Ivanhoe 3-4653 
TWX Hempstead N.Y. 705 


MANUFACTURING COMPANY 
Your Rotating Equipment Specialist 


Avionic Division 
Racine, Wisconsin 


WESTERN OFFICE 

5333 South Sepulveda Blvd 

Culver City, California 

Phones: EXmont 1-5742 + TExas 0-1194 
TWX S. Mon 7671 


Interesting, varied work on designing transistor circuits and servo 
mechanisms. Contact Mr. Robert Burns, Personnel Manager, 


in confidence. 


Burton Browne Advertising 





MODEL 120-F MODEL 140-C 


PEGASUS ANNOUNCES THE MODEL 


120-F and 140-C SERVO VALVES 
FOR INDUSTRIAL APPLICATION 


The new Model 120-F and Model 
140-C Servo Valves utilize a simplified SPECIFICATIONS 


force motor and valve spool boost 
system which requires very low input MODEL 120-F MODEL 140-C 


power yet provides extremely high , . ; 
valve spool stiffness. Size: 1% x 2% x 4% 1% x 3% x 5% 
This high spec! stifines, os wall os Operating Pressure: 200 to 3000 psi 200 to 3000 psi 


the balanced hydraulic design, insures Rated Flow: 5 g.p.m. 10 g.p.m. 
fine sensitivity and low null shifts over : 
large ranges of operating pressure, Leakage: -1.g.p.m. -2 g.p.m. 
temperature, and oil cleanliness. The Differential Current: 10 to 40 m.a. 10 to 40 m.a. 
valves need only 10 micron filtration Coil Resistance: 1000 ohms 1000 ohms 
and no dither for the specifications 

listed. Dead Band: 1% 1% 


Because of the basic simplicity of the Hysteresis: 2% 2% 
units, substantial price reductions have Null Shift: 1% 1% 


been made possible. We will be 
pleased to forward detail specifica- 45° Phase at: 90 c.p.s. 60 c.p.s. 


tions and prices upon application. 90° Phase at: 120 c.p.s. 90 c.p.s. 


mye 
4)\\ PEGASUS LABORATORIES, INC. 


| DESIGNERS AND MANUFACTURERS OF ELECTRO - HYDRAULIC SERVOMECHANISMS 
3690 W. ELEVEN MILE ROAD e¢-— BERKLEY, MICHIGAN 
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Packless ‘DEMI’ Valves 


FOR MINIATURE CONTROL 
FROM PILOT PLANT 
TO PROCESS 


34-1 Compact Packless 3-Valve Mani- 
fold for meter and manometer appii- 


Cations (2-block and 1 by-pass valve 4” NPT). 


H1-2 Two or more joined together 
with standard 4s” pipe nipples form a 
header with individually controlled 
outlets, with single direction toggles 
which indicate at a glance which 
valves are open or closed. 


4 


U-1 An ideal porting arrange- 
ment for minimizing fittings, 
equivalent of one pipe cross 
with one controlled outlet 
(shown with tube ends). 


“a 


6-8 Packless Globe Valve with stand- 
ard internal ports. (Inlet and outlet 
ports, ¥2” NPT) 


6-9 Packless Globe Valve with panel- 
mount bonnet and extension stem 
equipped with anodized aluminum 
handle. 





PATENT NO 


This basic patented packless design 
is employed in the designs shown, as 
well as many other variations avail- 
able for your specific requirements. 
Specify body material when ordering. 


Write us for complete technical information, 
or for the address of our representative in your area. 


REPRESENTATIVES IN PRINCIPAL CITIES 


GEORGE W. DAHL COMPANY, INC. 


86 TUPELO STREET, BRISTOL, R. I. 


AR-16 Air Rate Indicator, range 0-2 
SCFH. Unit is complete with toggle 
actuated packless valve, anodized 
aluminum bodies and protective 
column studs. (Other ranges available.) 
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AR-17 Air Rate Indicator 
similar to AR-16, but with 
needle valve for minute 
adjustment, ideal for purge 
meter application. 


54-1 5-Valve Manifold designed for 
direct mounting on Miriam B-1103 
manometer (2-block valves, 2 vent 
valves, and 1 by-pass valve 


H2-1 Special porting allows this model 
to be assembled in multiple numbe 
forming their own header. Two com 
mon ports are opened simultaneously 
when the toggle is tilted (4% NPT and 
¥4” tubing extension 


& 
$ 


AM-1 Packless Angle Valve, (44” male 
— %” female NPT) 


AT-1 Packless Globe Valve, al! wetted 
parts TEFLON, in stainless steel hous- 
ing with bolted bonnet, (44” NPT 


13-2 3-Way Valve designed for shut- 
tling, blending or selecting. Stainless 
steel diaphragm, TEFLON seats, panel- 
mount bonnet and anodized aluminum 
handle, (44 NPT) 
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SEMICONDUCTORS 


Radio Receptor / silicon 


N ANY < diodes 
COMBINATION 


OF 
HARACTERISTICS 


ifct 


= eee 
ra As 
. oe x 


high speed high conductance high temperature 
high voltage high back resistance 


Max. Fwd. Max. Rev. DC Cur. Min. 
Code ~~ vn @ Test V. Test | Sreak- Reverse 
No. ndicate - Voltage | down Recovery 

DC Current 25° C. 150° C. ” Voltage 


General Instrument 
semiconductor engineering 

has made possible these 

new silicon diodes with a range 
of characteristics never 

before available to the industry. 





| 

| 

| 
: 1N658 @100mA | 05 LA 25 uA | SOV | 120V | 80KO in 0.3 usect 
| 1N457 @ 20mA | .025uA 5uA | 60V 70V 
| 1N458 @ 7mA | 025uA 5 uA | 125V 150V 
1N459 @ 3mA | .025uA 5uA | 175V | 200V 
Particularly outstanding is the l DR668 @ 200 mA | .025uA 5uA | 60V 80V 
all-purpose type 1N658 which offers | DR669 @200mA | .025uA 5uA |125V | 150V 
uniform excellence in all DR670 @ 200 mA | .025uA 5uA | 175V | 200V 

| 

| 

| 

| 

| 

| 

| 





parameters. The RRco. diodes => 
shown here are just a 

small sampling of the line — 
the complete list will be 

sent you upon request 

to Section CE-3 





1N625 |1.5G lwA _ 10V 30V {15K in 0.15 usect 
10 uA 50uA | 20V _ 
1N627 |15@ 4mA 20 uA | 100uA | 75V | 100V | 400KQ in 1.0 usect 
1N629 |15@ 4mA 20 uA | 100 uA |175V | 200V |400K2 in 1.0 «sect 
DR677 |1 @100mA 0.5 uA 25 uA | 20V 30V | 15K in 0.15 usect 
DR673 |1 @100mA 0.5 uA 10uA | 75V | 100V |400KQ in 1.0 usect 
DR675 {1 @100mA 0.5 uA 10uA |175V | 200V | 400KQ in 1.0 usect 


*Reverse voltage at which a reverse current of 100 wA flows 
+When switching from 5 mA to —40V 
tWhen switching from 5 mA td —20V 




















semiconductor division 
RADIO RECEPTOR COMPANY, INC. 
2, Subsidiary of General Instrument Corporation 
240 Wythe Avenue, Brooklyn 11, N. Y. EVergreen 8-6000 
See us at our booths 


# 2211-2213-2215-2217 Germanium & Silicon Diodes * Dielectric Heating Generators and Presses 
at the |. R. E. Show. Selenium Rectifiers * Communications, Radar and Navigation Equipment 


MARCH 1958 
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Py Beir - Pay v4 


A BETTER WAY 


| Ss TO CONTROL EACH, 


nan e AUTOMATICALLY 








AND CONTINUOUSLY 


BENDIX 
ULTRA-VISCOSON* 


Provides continuous and auto- 
matic viscosity control of from 
one to six individual stations 
in a single system. Ranges: 
0-50,000 centipoises X grams 
cc. Proven uses in liquid 
blending, fuel atomization or 
refinery applications in the 
petroleum, chemical, steel, 
gravure and flexographic 
printing, resin, adhesives, 
paint finishing and various 
other fields. Ultra-Viscoson 
systems are available to fill 


most industrial and research 
requirements. 


*REG. U. S. PAT. OFF 


BENDIX NUCLEAR 
DENSITY GAGE 


Provides continuous and auto- 


matic control of fluid density 
in process pipelines. Range: 
0.5 Sp. Gr. and up, with ad- 
justable spans. Ideal for use 
with abrasive, corrosive, vis- 
cous and high-pressure proc- 
esses; sensing element does 
not contact process material. 
Applications: Density, specific 
gravity, liquid concentration, 
vapor /liquid ratio, liquid level, 
slurry control and interface 
detection. Range, span and 
time constant adjustments 
from front panel. 


For complete information write 
Cincinnati Division, Dept. 320, 3130 Wasson Road, 
Cincinnati 8, Ohio. 


Cincinnati Division : 
Export Sales: Bendix International Div., 205 E. 42nd St., New ’ Ov 1-/, 


York 17, N. Y. Canada: Computing Devices of Canada, Ltd., 


Box 508, Ottawa 4, Ontario AVIATION CORPORATION 


CONTROL ENGINEERING 





: TWO * 
PERSONALITIES 


SAME 
TIME BASE 


rT 


.--. Only the DUAL Necti fritent gives you 


two-channel rectilinear recording with direct time correlation! 


Why synchronize two drive systems, handle two chart rolls, recti/riters” galvanomete! 


or for that matter, maintain two separate instruments access for all routine operations 
The DUAL “recti/riter” gives you two independent gal chart speeds, dependable closed 
vanometers, inking systems, and “recti/rite” linkages spring, or external drives 
with a single chart drive—enables you to record two work-saving recorder available 
variab S aneo y al visually relate events to 
iriables imultaneousl ind uall correlat even ( Remember. too. that 
an accurate common time base. Record such variables as | 

IiCCeSsories proy cic 


tao > i j j ] » m , 
voltage and current, wind direction and velocity, tempera electrical. parameters 


ture and pressure, torque and speed input and output a - 
10 millivolts to 1000 volts 


500 microamperes to 1000 amperes 
And, have the easiest of all recordings to read—true recti Monitor standard frequencies — 40, 60, 400 cps 


and many others 


> ar >-DY- > ace “ ) >< « < Yh -e W < 
linear side-by-side traces that you read at a glance with a When you write for specific infor 
ole ruler . no difficult interpretation » highly : 9 e 
simple le a ere ee E recti/riter’, Bulletin R-502. 
subject to reading errors as with old-fashioned curvi 9 
ee = on 2 : ‘ a the SINGLE “recti/riter”, Line 


linear recordings Model 301 All-Transistor D¢ 


Add these to the other outstanding features of the interested in the complete vers 


e} TEXAS INSTRUMENTS 


‘ReCcee Fr eR ATE 
INDUSTRIAL INSTRUMENTATION DIVISION 


3609 BUFFALO SPEEDWAY + HOUSTON, TEXAS + CABLE HOULAB 
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| 
For 7. PERFORMANCE over a HIGH RANGE of RESISTANCE 


IRC MOLDED DEPOSITED CARBON RESISTORS 


With units as small as IRC’s 4 Watt Molded Deposited Carbon Resistors, 
2 can cover a resistance range from 50 ohms to 3.4 Megohms; IRC’s 2 Watt 
olded Deposited Carbon Resistors cover 15 ohms to 100 Megohms! 


IRC Molded Deposited Carbon Resistors, available in 4 Watt (type MDA), 
4 Watt (t DB), 4 Watt (type MDC), 1 Watt (type MDF) and 2 Watt 
(type MDH) sizes, combine accuracy and economy for close-tolerance appli- 
cations . . . provide you with extremely high stability, low voltage coefficient, 
and low capacitive and inductive impedance in hig "frequency applications. 


IRC Molded Deposited Carbon Resistors have been designed to meet and 
exceed Specification MIL-R-10509B. 


Enclosed in molded red plastic housing, they provide complete protection 
and offer better heat dissi ne qualities with an accompanying improved 
load life characteristic, and assure a higher order of over-all reliability. 
IRC Molded Deposited Carbon Resistors are recommended for the follow- 
ing applications: 
1. Circuits in which characteristics of carbon composition resistors are 
unsuitable, and wire-wound resistors too expensive. 
2. Metering and voltage divider circuits requiring high stability and 
close tolerance of the resistance values. 
3. High frequency circuits where accuracy and stability are required 
but where wire-wound resistors are unacceptable. 


For more information about IRC’s Molded Deposited Carbon Resistors, send 
for Bulletin B-9b. 


Ustorewer the Cinewit, S 


INTERNATIONAL RESISTANCE COMPANY 


...and you'll want to in- 
vestigate IRC unmolded De- 
posited Carbon Resistors. 
Extremely high stability is 
offered in 44, 1 and 2 watt 
sizes, with resistance ranges 
from 10 ohms to 100 
megohms. IRC type DC 
precision film resistors com- 
bine accuracy and economy. 
They are designed to meet 
Specification MIL-R-10509B 

.. in fact, IRC has the most 
MIL-type Deposited Car- 
bon Resistors in the indus- 
try. Write for Bulletin B-4b. 


cost an scsi in ce seh we le Glan is ium ie aden ad 


Dept. 242, 401 N. Broad St., Philadelphia 8, Pa. + /n Canada: International Resistance Company Limited, Toronto, Licensee 
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PP IER ohbes over 
3 and... 
ci CRS COR made provision to deliver 
much larger quantities 
Field Tests Prove their Built-In Reliability with their new Colorado 
Springs synchro facility 


“4 


Why not buy fully proven size 8 synchros? Clifton Pre- 


cision size 8 units have been designed, developed, in 
production 2 years and are now being built into field 
equipment tested and accepted by end-use agencies. 

Such acceptance made it necessary for us to estab- 
lish another plant in Colorado Springs to produce size 
8 synchros. 

Accuracies not exceeding 7 minutes max. of error are 
guaranteed. 

A full line of size 8 rotary components is available 
including AC and DC motors, linear transformers and 
motor generators. 

For full information write or call Sales Department, 
SUnset 9-7521 (Suburban Philadelphia) or our repre- 
sentatives. 





TYPICAL SYSTEM MEASUREMENTS 


input input input Output IMPEDANCE Phase 
Voltage Current Power Voltage Sensitivity | Saft 
Volts) (Amps.)\( Watts) (Volts) |( MY deg input Outpet te 


slail w@ last aeal «| VISIT OUR HOSPITALITY SUITE 
| om | ween | i | w cr LR.E. Convention, March 24-27, 

a| m | | wen | | |» , Studio K, Barbizon-Plaza Hotel, 
[1m | as | | | a+ | | 106 Central Park So., N.Y.C. 


Loox TO 


by 


s ns 


Clifton Precision Products Co., Inc. 


Clifton Heights Pennsylvania FOR SYNCHRO PROGRESS 


MARCH 1958 





See our Booths 1702-1708—1.R.E. SHOW 
March 24-27, 1958—New York Coliseum 


NO MORE EXTE 





yew W380 
3 200% mye 
5an0? rs 


re 


with the new 
combination 


resoliver-booster 


specifications by 


Transformation ratio: 1.000+ .001 
Phase shift: 0°+ 3’ 
Functional accuracy: 0.1% ' a 

taped tenpedianen: exer 6 magehus An outstanding advance in MINIATURIZATION 

Frequency: 400 c.p.s.+ 5% without sacrifice of performance or precision. 
Max. amplitude: 14 V. r.m.s. 

Temp. range: —55° C. to 80° C. Shown FULL SIZE in the illustration above, this latest Reeves achievement in 
Power requirements: miniaturization for airborne applications takes up a fraction of the space occupied 
30 V. d.c. @ 6 ma. per amplifier by a conventional resolver with external boosters. Yet performance, accuracy and 

dependability are in every way equivalent or better. 


The new Reeves Combination Resolver-Booster consists of the time-proven R151 

Precision Resolver with two PLUG-IN TRANSISTORIZED BOOSTER AMPLIFIERS built 

onto it as shown. The amplifiers provide standardization for transformation ratio 

and phase shift over a wide range of temperatures. Specifications given are 
REEVES CONTINUOUS maintained for production units without culling. Additional data on request. 
RESOLVER CHECKER 








/MSTRUMEMT CORPORATION 


Provides continuous 360° check on resolver ca i= EV & Ly | By ST Re U Pet e& ind a Cc oO R P oO by AT + fe) iat 


functi 1 > d yields permanent 
————= A SUBSIDIARY OF DYNAMICS CORP. OF AMERICA, 209 EAST 9st ST., NEW YORK 28, N. ¥. 
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THOMAS A. 


EDISON 


omniguard system 
provides low cost 


temperature 


EDISON EDISON 






































Edison Omniguard is the simplest and most 
flexible monitoring system devised for pro- 
tection against excessive bearing tempera- 
tures, gases and liquids. In an Omniguard 
installation, plug-in monitor units are 
grouped according to individual requirements 
—can be added, removed or switched to other 
equipment without disturbing the system 
Individual alarm settings on each point can 
be changed at any time without special tools 

This kind of flexibility pays off in reducing 
installation costs by 50% or more... permits 
purchase of minimum number of units 
needed at any one time . . . and the addition 
of more points as new equipment is installed. 


monitoring 


} 


Other Omniguard adva 


Single indicator serves multiple points + each 


exclusive ntages: 
circuit is ‘on guard’ at all times * no moving 
parts, nothing to wear out * alarm positiv 
identifies trouble point. 

Edison Resistance Temperature Detectors 
coupled with automatic monitors are low cost 
insurance against loss of production time, 
replacement and 


costiy repair 


equipment I 


charges. 

Typical Omniguard Panel shows group 
monitor units with their alarm lights, t 
buttons, and temperature read-out switch 
Additional units can be installed in a vari 


of ways to suit your individual needs. 


For additional information on the Edison Omniguard, write for Bulletin 3036B 


Thomas A. Edison Industries 


INSTRUMENT DIVISION 


38 LAKESIDE AVENUE, WEST ORANGE, N. J. 
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ELECTRONIC 
ASSOCIATES 


- 
/ —y= 7 
Kecorlotaléa 


§ Channel Rectilinear Recorder 231 R Analog Computer Analog Computer Automatic 
; Digital Input-Output System 








FOCAL POINT OF THE ANALOG COMPUTING 
AND PLOTTING INDUSTRIES 


THE ONE SOURCE you naturally look to for the 


very latest advances in the arts of data reduction, 











analog computation, and plotting, recording, or 
digital read-out equipment. Write Dept. CE-3. 
1100D or E Variplotter 205N Variplotter See Electronic Associates’ equipment demonstrated at the IRE 


Show, March 24 to 27. the Coliseum, New York. Our booth 
numbers are 1202 thru 1208. 











ELECTRONIC 
ASSOCIATES eee ee MANUFACTURERS OF 


er P — / 
ACK OG ta Ca 





LONG BRANCH. NEW JERSEY e@ CAPITOL 9-1100 
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INDUSTRY’S PULSE 


Control for Kilowatts 


To the majority of industries reporting deep cuts in capital 
spending plans, the electric utility industry stands out as a bright 
exception on the economic horizon. Over the next ten months, 
the power companies will add a record-smashing 16,400,000 
kilowatts of capacity at an estimated cost of $5.3 billion—a 
healthy increase over the $4.6 billion spent in 1957, the $3.8 
billion in 1956, and the $3.6 billion in 1955. And the new in- 
stallations reveal a decided trend towards computing-control to 
optimize generating and distribution processes. 

Here’s just a partial rundown of what's planned for this year: 

¢ Louisiana Power & Light is installing an operational infor- 
mation system built by Daystrom Systems (estimated cost: 
$250,000) in its Sterlington station. Installation is scheduled 
for later in March. This system will monitor 350 variables (from 
temperature of generator bearings to boiler outputs), then run 
them through a transistorized digital computer with a magnetic- 
core memory. The general-purpose computer linearizes, scale- 
factors, and integrates each input signal. 


¢ Southern California Edison has ordered a Leeds & North- 
rup desired-generation, computer-controlled system for its 
Alhambra load dispatcher’s office. Purpose: to set generating 
levels of a number of stations at the most economic level. The 
equipment, which uses an analog computer, can preassign 
desired generation at any station as soon as the load comes on 
the utility’ s lines. Delivery is scheduled for the end of March. 

¢ Florida Power & Light will install the “Flamingo”, an 
L&N system, in October, at its Miami dispatching ofice. Caro- 
lina Power & Light has ordered a similar one for its Raleigh 
gs C. ) dispatching office. 

The Southern Co. will augment its Early Bird computer 
vik automatic control so that about 30 generating stations 
will automatically respond to computer command for minimum 
cost of delivered power; eventually covering 44 stations. 

¢ Public Service Electric and Gas Co. of N. J. has ordered 
two L&N, 600-point automatic data loggers for a big 580,000-kw 
station now under construction. 

These announced projects are just part of the picture. In ad- 
dition, several manufacturers are readying other automatic con- 
trol systems for the expanding utilities. 

PW estinghouse has built and tested an “economic dispatch 





Power companies 


grow 


Digital 
data logger 


Analog 


computing-control 


And still more 
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DPDT CHOPPER 


. 


for DC Instrument Amplifier assures close 
tracking of output demodulator with input 
modulator for high conversion efficiency. Yet 
input and output sections are thoroughly 
isolated from each other for minimum stray 
feedback. Contacts are permanently 
adjusted for long life. 


DPDT Chopper for 
DC Instrument Amplifiers 


Field test equipment with this chopper as synchronous 
modulator-demodulator (with either vacuum-tube or transistor 
amplifier) can be compact and sturdy. Yet such equipment 
can have low ranges usually associated with laboratory equipment. 
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computer, which will determine optimum generating level for 
several utility generating stations 

> General Electric Co. installed several units of its “automatic 
dispatching systems” (ADS) last year and has orders for several 
more in 1958. ADS considers the significant factors incident 
to the loading of an electric utility's generation (system load, 
capacity, and maneuvering rates of turbines and boilers, line 
losses, spinning reserve, and cost of power production from 
each generator), then automatically makes adjustments as the 
system load changes . 

» Minneapolis-Honcywell’s automatic control system for util 
itics measures instantancous demand for power throughout a 
system, then regulates the output of the generating equipment 
to meet that demand 

’ Bailey Meter Co. is readying two separate installations of 
its “performance monitor’ —equipment that incorporates an Ay; 
alog computer to solve a fundamental equation, such as a Way 
balance 





Behind all this activity on automatic control systems isang 
cogent fact. Utilities have almost reached the point of diy Wi 
ing returns on designing more efficient generating equ 
Now the biggest savings loom in better utilization of 
ment and more efhcient distribution HHI 

\ close look at utility spending shows that distrib aud 
transmission are taking a bigger and bigger percentag#/gf/ uty 
capital spending funds f} 


]] 





fi 
iH} 


One typical example of this is the interest clogiyi utlings 
have shown in a new digital demand meter AeMlopéd/bx 


Fischer & Porter last fall. ‘The new device uses a/pmnchéd/ape 
instead of a waxed disc to record the power drawy 

trial customers. One big saving: the punched 

right into automatic accounting equipment, wae té/MaAx disc 
must first be read and then measured by a m@fey/ red dt, 

For the future, the electric utility indugity ge signs of 
becoming an even more important user of Mutsisfic conffot 
systems. [lectrical World, a McGraw-Hifl/maga4ie, preticrs 
continued growth of utility expenditures. /fi¢/pidgazine’sces“4 
slight dip in 1959, but an increase in 196A/And/f steady growth 
thereafter—passing $10 billion per year Py/ V7) 
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GENERAL 
SPECIFICATIONS 


1.79” long (maximum) 
1.063” in diameter (maximum) 


Weight .. ; “ees 3.0 ounces 


Nominal 
Operating Voitage ....... .26.5 volts 


Contact Metal . sa gold alloy 


Contact Bounce ..... .less than 250 
miscroseconds 


Temperature Rating ‘ -65°C to 
+200°C 


Ns Adak Se sceoew 552 


Vibration 2,000 cps at 25 g 
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4 PDT relay to meet all requirements 


of MIL-R-25018! 


Don’t compromise with the Class C, Type II, 
Grade 3 requirements of MS 24114-9, MIL-R- 
25018. You don’t have to any more. Now Union 
Switch & Signal has a 4PDT, rotary-armature 
relay designed to meet these specifications com- 
pletely. It is the first of its type to do so. In fact, 
it exceeds some of the rugged requirements. 

Here is the kind of performance you can expect 
from this new relay: 


High operating temperature. Even at an ambient 
temperature of 200°C, this relay gives optimum 
performance. The use of ceramic material pro- 
vides consistently high insulation resistance. As a 
result, you can install this relay closer to engines. 
You often can use it without temperature con- 
trolled boxes. Always, you will find it supremely 
rugged and reliable. 


High shock resistance. This new UNION Relay 
withstands shock greater than 55 g for 11 milli- 
seconds—and continues to operate. In vibration 


tests, it shows no contact chatter up to 2,000 cycles 
at an acceleration of 25 g. 


New high in contact reliability. Contact reliabil- 
ity of this relay is six times that of comparable 
devices-because of its new 2-button, bifurcated .con- 
tacts. Bifurcation also increases current carrying 
capacity (each button easily handles a full 2- 
ampere load) . . . and makes gold alloy contacts 
practical for both low- and high-level loads. 

Contact reliability is enhanced, too, by the cer- 
amic insulation which contains no volatile ma- 
terial to contaminate contacts and by separate 
hermetic sealing of the magnet coil. 


New torsion-type rotary-armature suspension im- 
proves resistance to thermal shock . . . increases 
reliability over the entire temperature range . . . 
and greatly extends the operating life of this new 
4PDT relay. Call, or send the coupon, for complete 
information about this and other miniature relays 
manufactured by Union Switch & Signal. 


SEE OUR BOOTH NO. 2122-2124 AT IRE SHOW—NEW YORK CITY 
XC UNION SWITCH & SIGNAL 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY sums 


COMPLET 


Union Switch & Signal, Dept. CE-38 
Div. of Westinghouse Air Brake Co. 
Pittsburgh 18, Pennsylvania 


| am interested in your products. Please send the following: 
() Catalog of other miniature dc and ac relays which you manu- 


facture to MIL-R-25018, MIL-R-6106C, and MIL-R-5757C re- 
quirements. 


(CD Also, put me on your technical mailing list so | can keep abreast of 


PITTSBURGH 18, PENNSYLVANIA 


E FACTS 


( Description of your Digital and Alpha-Numerical Indicators for 
data display. 


C) Complete description of your new 4PDT relay which meets every 


requirement of MIL-R-25018. 


Position 


other new electronic developments coming from Union Switch & Signal. 





VHF Transistors! 
First From 


PHILCC 








gasuaneeneeeaes| New family of Micro Alloy 
c ms\ Diffused-base Transistors (MADT)* 





@ Rise, Storage, Fall Time in Low mysec Range 
@ High Oscillator efficiency at 200 mes 


| | ®fe . 
“VOLE @ Amplifier gains of 10 db at 200 mes 
Htanereme 
9 urr 
7 | \Avs — Here is a major breakthrough in the 
neneee) 


PLL frequency barrier . . . a new family of field- 
flow Micro Alloy Diffused-base Transistors. 
Philco MADT’s extend the range of high 
gain, high frequency amplifiers; high speed 
computers; high gain, wideband amplifiers 


Class of ve — and other critical high frequency circuitry. 
incy — —— mpli- 
. Pass <= 25% 8 ———— . MADT’s are available to various volt- 
7 : 


as age and frequency specifications for design 
2N499 


25% at 200 oscillator 10 of high performance transistorized equip- 

aut Sa yes (miny _ 400 ee ment through the entire VHF and part of 

. ical te =12 msec, 5. is the UHF spectrum. These transistors 

= Ultra high-speed ewitch te “= 4 msseci (10 of, range in fx from 250 mc to as high as 
ra musec; (12 max.) 1% ong voltage tu a 


te. = 5 = rent gain fier to 1000 mc. MADT gains are typically 10 

casa circuit wit = db at ae — db at 200 mc and greater than 16 db at 

, 200 mcs amplifier 100 mc. A low cost general purpose unit 
2N502 


11 db at eat to 100 mcs is available which will deliver typically 
¢ ——_ 100 mes(min. high gain. 18 db at 50 mc and 32 db at 10 mc. 
2N503 50 mes 46 db of, ae IF amplifier ___— Make Philco your prime source of information 

SS — and dissipation ratings to 100 mw. for high frequency transistor applications. 
age ratings up % JETEC 30 Case). 

: known as 
5 Case (widely 


Ic (ma) 


2ns04 | 
Available in volt 
tIn JETEC TO- Write to Lansdale Tube Company, Division of 


Philco Corporation, Lansdale, Pa., Dept. CE-358 


“Trademark Philco Corporation for Micro Alloy Diffused-base Transistor 


e's, 


JET Raco Mee) lo) 'y Vile) \ manne 


LANSDALE TUBE COMPANY DIVISION Ladies 
4 LANSDALE, PENNSYLVANIA 
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What do your 
contro! dollars buy? 


The literature of the control engineering field offers litth specific 
advice on evaluating the economic return on measurement and control 
systems. The reason for this lack is the overwhelming emphasis that 
has been placed on solving the technical, rather than economic, prob 
lems of measurement and control. The control engineer has been con 
ditioned during the last ten years by demands for increased yield 
measured in terms of industrial productivity or Weapons kill—to apply 
measurement and control equipment to improve physical performance, 
The performance indices were dynamics, accuracy, operating speed, 
capacity, reliability, safety, and uniformity. They could be measured 
and deseribed with numbers. Improved economic performane Vas, Ol 
course, a general requirement, but the control engineer was not presse d 
to evaluate it numerically. 

Now he is, because industry has shifted its emphasis from produe 
tivity to production economy. And he will be pressed hard until the 
current economic decline reverses under the stimulus of defense spend 
ine’, new orders to replenish depleted inventories, and revitalized plans 
for capital investment in plants. The control engineer who will not 
realistically appraise a control system as a means for effecting oper 
ating economies is not giving his job all of his creative ability. And 
what is perhaps even more important to him, he is missing an oppor 
tunity to demonstrate his own value in dollars, a performance-rating 
scale that everyone understands. Aware of the lack of emphasis on 
this phase of measurement and control, the editors of Conrrot Ewa 
NEERING have started publishing articles that bring out the economic 
evaluation problem and show how to tackle it. The December °57 issu 
contained an article entitled ‘‘Why Control System Bids Vary’’ 

87. The February °58 issue offered ‘*Three Ways to Estimate hh 
mentation Cost of Process Plants’’, page 88. Next on the docket 
coverage of the principles of figuring the reductions in operating 
that investment in measurement and control equipment ean buy 

The control engineer must continue to work to the physica 
ance indices that he has developed. But he must add what is 
most important index of performance—how much reductior 
ating costs will money spent on control equipment buy 

The Editors 
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oscilloscope 
$435 


DC to 200 KC coverage; automatic triggering, 
minimum controls 





Sweep speed range 1 ,sec/cm to 0.5 sec/cm; 
x 5 sweep expansion all ranges; vernier 


15 calibrated sweeps, 1-2-5 sequence 


Automatic synchronizing on any internal or 
external voltage; also line voltage 


High sensitivity, calibrated vertical amplifier 


All power supplies regulated for 
maximum stability 


New -hp- 120A and -hp- 120AR (rack mount) oscilloscopes. Note space-saving 7” height of 120AR. 


These totally new -hp- oscilloscopes are engineered to perform most 
oscilloscope measurements more quickly, simply, dependably. Automatic 
triggering means no adjustment over entire range. Yet automatic 

trigger and base line can be cut out for bright, steady photography trace. 


Sweep speeds vary from slow for mechanical or medical work to high for rapid 
transients. High sensitivity permits working direct from transducers in many cases. 
Vertical and horizontal amplifiers have identical band width for phase measure- 
ments. Voltage regulation on all power supplies insures steady, drift-free traces. 


These new instruments combine calibrated precision for lab work with 
brute ruggedness for the production line; the rack-mounted 120AR 
is ideal for fixed installations and test consoles. 


Call your -hp- representative for full information and 
demonstration, or write direct. Fast delivery! 


HEWLETT-PACKARD COMPANY 


4621H PAGE MILL ROAD + PALO ALTO, CALIFORNIA, U.S.A. 
CABLE “HEWPACK" + DAVENPORT 5-4451 


-hp- provides industry's newest, most complete oscilloscope line 
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FIG. 1. Three man-machine 
navigational systems have manual and 
automatic loops fitted to the human 
controller's needs and abilities 
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Control in Man-Machine Systems 


GEORGE W. HOOVER, Office of Naval Research* 


Is man moving in or out of control 
systems? 

Is he becoming a monitor or a controller 
of machines? 

The author maintains that there is no 
system in which a man does not exercise 
control, if only during critical start-up 
or launching periods. He declares that 
because of this, the first big step, after 
setting system objectives, is to set down 
display requirements. The specifications 
for sensors, manual control loops, and 
automatic control loops then become 
functions of the display specifications. 


I'he opinions or assertions contained in this 
paper are the private ones of the writer, and are not 
to be construed as official, or reflecting the views of 
the Dept. of the Navy or the Naval service at large. 


Control breaks down into two main divisions: 
manned systems and unmanned, or remote control, 
systems. Each of these further divides into auto- 
matic and manual control. 


Manned system 
uses human decisions 


Ihe manned system calls for a closed loop in 
which the man acts either as a continual decision- 
maker in series with the elements of the control 
loop, Or a monitor in parallel with the elements. 
When the man is in series, the system is under 
manual control. When he is in parallel, the con 
trol is automatic. In either case he retains some 
degree of decision-making power. 

The manned system in Figure 1] starts with a group 
of sensors which feed inputs to a central computer. 
he computer output includes information supply 
ing a display system by way of a display amplifier, 
and a control function by way of a mechanisms 
amplifier. Observing the displays, the man operates 
the machine through a set of manual controls. The 
outputs from the manual controls, mixed with the 
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output of the mechanisms amplifier, go on to the 
machine power actuators. A feedback from the 
machine to the sensors closes the overall loop. 

In addition to the main loop there are feedbacks 
from the manual controls to the computer in the 
form of “quickening”, or rate and rate of rate signals, 
and from the manual controls to the man in the 
form of acceleration forces. 

This is the basic man-machine system and follows 
the logic that in any operating system certain data 
must be sensed, then computed, amplified, dis 
played, and viewed, and finaily controls must be 
actuated to operate the machine. 


Unmanned system adds remote 
communication links for manual control 


The unmanned or remote man-machine system 
differs from the manned system in that there is a 
transmitter between the computer and the display 
amplifier and a receiver between the manual control 
and the control mixer. Here again the man can act 
as a direct controller with the system in a manual 
mode or as a monitor when it is set for automatic 
control. 

The manual side of the system is made physi 
cally remote from the machine being controlled by 
some means of remote signal transmission. Even 
in this configuration the man-machine system is still 
a Closed loop, the only difference being in the 
method of connecting the automatic and manual 
portions of the entire system. In the case of a 
guided missile, what would normally be the control 


or Moving 


Fixed or 
Moving 


station or cockpit is located either in an airborne 
station or on the ground. Where the system is 
self-contained for flight, the manual portion is sim 
ply left behind when the missile is launched 

lo be considered “automatic”, the automatic 
side, in contrast to the manual side, must be operat 
ing at all times, even though capable of being over 
ridden by the manual mode. This side of the loop 
operates independently of the manual portion and 
would be employed in a completely unmanned sys 
tem such as a ballistic missile (when in flight). 

he operation of the automatic side is determined 
by the programming of the computer and can be 
only as versatile as the program. If a single opera 
tional path is set into the computer memory, the 
machine can follow only this path and has abso 
lutely no decision-making power except to evaluate 
the sensor data. If several possible paths are pro 
grammed, the system can select, as a function of the 
accuracy of the inputs, which path it should follow 
(he finite number of possibilities which can be pro 
grammed limits the flexibility of the automatic con 
trol. Limited flexibility is not a disadvantage in 
every case because there are instances in which only 
a few finite paths really should be followed. An ex 
ample is the application of automatic loops to qual 
itv control of a manufacturing process. If the com 
puter is designed for interchangeable program cards, 
the flexibility limit is no concern. 


First, look at the real 
objectives and ask why 


\ll man-machine systems are fundamentally iden 
tical. ‘Their rates, total operating-cvcle times, and 


Moving 


Air to — 


Navigation 


Moving 


FIG. 2 


pat 
specific | ith 


\ man-controlled vehicle must travel a 
lo control the vehicle a system must provid 
information fundamental to the tactics 








































































































their specific sensors vary. Compare the airplane, 
ship, and submarine shown in Figure 1. The re 
quirement common to all of them is to orient the 
vehicle in space about three axes. The ship differs 
from the airplane and the submarine in that it is 
fixed to the surface and therefore has one less re 
quirement for operation. For all practical purposes, 
change in elevation is removed. For the other two, 
the basic requirement is to move the vehicle's center 
of gravity from one point to another along some 
specific path such as that shown in Figure 2. What 
ever the makeup of the system, it must conform to 
the laws of motion. 

Since the vehicle is to be man-controlled, the con 
trol system must also meet the requirements for in 
formation, comfort, and safety established by the 
human controller. The information requirements 
must be stated in the absolutely fundamental terms 
of what information is necessary to control the 
machine, and not in terms of existing or contem 
plated equipment. 

For example, in determining the information 
necessary to get an airplane into the air, one require 
ment is to keep the airplane aligned with the run 
way. The information necessary here is—where is 
the plane going with respect to lateral position on 
the runway?—, rather than what is its directional 
gyro heading? Continuing to ask “why” establishes 
more requirements. 

If, for instance, this question were put to a sub 
marine controller, “What do you need to know in 











order to dive?”’, he would undoubted 
he needed to know the angle of th« 
the questioning stopped here, the 
would specify 
ever, if the questioning continued, the 


] 


a dive plane angle 
ontroller 
being asked why he needed dive plane angle, would 
probably say that he needed it as an index to detei 
mine the dive angle of the submarine. Why does 
he need to know the dive angle of th« 
Because he wants to dive at a safe rate 
to level off without overshooting th« 

The answer to “whv” here is a tactic 
the reason for making the dive. The 


submarine? 
ind be abl 
lepth desired 
il one and is 


submarine 
troller wants to know how to proceed al 
which is safe and from which he will 


correct depth. The requirement calls 
not dive plane angle—really only onc 
overall equation. This type of reaso1 
carried out for each mode of operation 
ine in order to meet the man’s total 
requirements. Since the man must 
chine, design must start with meet 
ments rather than forcing him to 
chine requirements 


Display is the key 
After establishing the 
mental requirements 


informa 
omes th« 
fication. The display must bc 
no integration on the part of the 
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in fact, it establishes the technical requirements of 
the entire system. To create the display, the con- 
trol engineer must spell out the critical sensors; he 
must determine the equations for presenting in 
tegrated information; from the equations he can 
then determine the control functions and the actu 
ations which will bring about corrections in machine 
operation. 


Automatic functions 


The automatic side of the system must, in every 
case, be designed as a complete system. Figure 3 
shows one. Previously “automatic pilots” or “auto- 
matic controls” were simply added to already 


existing basic control systems. This procedure 


complicated the situation by adding equipment, 
which in turn increased weight, size, and cost, 
and magnified maintenance problems. The approach 
of adding “black boxes” adds sensors, computers, 
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FIG. 4. Example of an integrated system with display and manual controls 


displays, and redundant control actuators which 
operate through the main system. In a simple mach- 
ine the addition of equipment is acceptable, but in 
a complicated machine such as a high-performance 
airplane, the required sensors, computers, and con- 
trols rapidly increase in number and, for the most 
part, are redundant with respect to other elements 
already in the basic system. 

Unintentional redundancy is eliminated from an 
integrated system because the control function is 
just another output of the central computer. No 
sensors or controls are added and the only change 
in basic system is in programming of the computer. 
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Manual functions 

On the manual side, the control engineer must 
consider, first, what must be controlled, and, second, 
how the human best uses his hands and feet for the 
most accurate control and with the least fatigue. 
Little thought has been given to improving manual 


control functions in an aircraft. They have re 
mained practically the same since the original 
system was designed, i.e., a central stick for pitch 
and roll, rudder pedals for yaw, and a throttle quad- 
rant on the left for engine control. How the rudder 
pedals first became designed as they are today is 
hard to say, because their operation is exactly the 
reverse of such things as sleds and bicycles. ‘There 
is some doubt as to whether rudder control is 
needed at all, but if it is, yaw might be manipulated 
by the stick. At any rate, considerable study must be 
made to determine the basic requirements of an 
idea like this, and the most efficient means of 
meeting them. Preliminary studies 
indicate that there is a possibility 
of moving the stick to the nght of 
the control console and using it for 
displacement about all three axes— 
pitch, roll, and yaw. 


Army-Navy Instrumentation 
Program demonstrates 
the approach 


Determination of control specifi- 
cations—not solely by invention and 
not entirely by test and evaluation, 
but by including them in an ap 
proach which starts with stating 
the human controller's information 
needs—in turn determines display 
requirements, and then establishes 
the technical control requirements. 
It has worked quite well. An out- 
standing example of the technique 
is the system developed under the 
Army-Navy Instrumentation Pro 
gram and shown in Figure 4. 
Through it the control system has 
been integrated so that part of the 
control action is in the sensors, 
part is in the computer, and part 
is in the fully-coordinated and simplified manual 
controls. ‘The control functions have no redun- 
dancy. There is no addition of equipments. The 
controls are adequate and compatible because they 
were designed to meet the pilot’s requirements 
rather than an existing system in which man was 
not considered an important component. 

Controls cannot be added as a final touch to com- 
plete a man-machine system. They are adequate 
only if when actuated they give the proper response 
positively, without delay and without reversals. 
Such controls can be built only if they are designed 
as an integral part of the entire system. 
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FIG. 1. Computer for great 
circle navigation illustrates how 
additional resolvers (dotted 
can replace booster amplifiers 
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Cascading Resolvers 
Without Booster Amplifiers 


JACK GILBERT, Norden-Ketay Corp., Norden Laboratories Div. 


THE GIST: The so-called “booster” 
or isolating amplifiers normally 
required between ac resolvers that 
are cascaded may not be neces- 
sary if the computing precision 
needed is in the order of 1 percent 
or less. This article presents formu- 
las by means of which the effect of 
cascading any practical number of 
resolvers can be calculated, and, 
in many cases, those expensive 
amplifiers saved. 


In ac bombing and navigation computers it is 
quite often necessary to transform a given vector 
through several resolvers in cascade before it has the 
desired form. ‘The final vector, by itself or with an 
other vector, then is generally used to drive a servo 
and output shaft to a computing null. 

A typical schematic for such a situation is shown 
in the great circle computer* of Figure 1. Five re 
solvers, in solid outline, drive servos which compute 
distance and bearing to destination, from inputs of 
latitude and longitude of home and destination. 


Loading problems 


In high precision applications, an isolating o1 
booster amplifier would normally drive each resolver 
Each resolver output lead would then look into a 
high resistance load instead of another resolver. For 
the example of Figure 1, this would require seven 
costly resolver amplifiers. And reliability would be 
reduced by the increased number of components 
and active elements. 

Where the application permits medium precisions 
of the order of 1 percent full scale, the resolver am- 
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o Oo 
FIG, 2. A—tesolver is a transformer which can 
be represented by: B—an equivalent-T’ network 


plificrs can be eliminated as long as the loads for 
each of the resolvers are identical in magnitude and 
phase. Since several resolvers in cascade may appear 
as a load of only a few hundred ohms, small differ 
ences in load can seriously impair computing accu 
racy: the balance requirements become more critical 
as the magnitude of the load impedance decreases. 

In Figure 1, three calibrating resolvers (dotted 
outlines) are added to adjust output scale factors 
ind obtain a balanced load for each resolver output. 
here are thus five resolvers cascaded for both dis 
tance and bearing computations, for a total of eight 
units. ‘The substitution of three passive resolvers for 
seven costly high-gain amplifiers is well worthwhile 

A resolver can be described in terms of an “equi 
alent-I”’ network by using conventional filter and 
transmission-line analysis theory’. ‘The equivalent- 1 
parameters are shown in Figure 2. As used in this 
article, K, is the input impedance with the output 
terminals open-circuited; thus, 


A Z,+Z 
Likewise, Ke is the impedance looking into the 
output terminals with the input terminals open 
circuited: 

K Z,+Z 
Note that if a rotor winding is the input, a stator 
is the output, and vice versa. 


The input impedance with the output terminals 
shorted is called K,s, and 
KZ 
Kys K ; 
sa K+ 
Ihe three impedances of the ‘T-circuit can be de 
fined, by eliminating Z, and Z, from the expression 
for Ky, as 
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Z V(K, — Kys)(K; 

Z K, — Z, 

Z Kk, —Z 
Measurement of resolver parameters 


Ihe effective values of K,, Ke, and K;g can be 
determined by making two voltage measurements 
ind a phase measurement with the circuit of Figure 
3. The terminals of the resolver to be measured are 
connected as shown, keeping the applied voltage 
low enough to limit the secondary current to its 
rated value when measuring Kjs. 

In Figure 3, E is the voltage across the unknown, 
and is approximately equal to E,. Ez is the voltage 
across the l-ohm resistor, which is directly propor 
tional to the current through the unknown. ‘The 
phase angle is tan? (X/R), where X is proportional 
to the imaginary component and R is proportional 
to the real component of the impedance being meas 
ured. Both X and R can be read on the 
meter. ‘Thus, 


Phazor 


Z ; es 


\ 
R 
For an equivalent-T’ network, three measurements 


are necessary to solve for the three unknowns, 7), 


Ze and Zn. 


Analysis of resolver connections 


Knowing the equivalent-T’ parameters of a re 
solver, the transfer ratios and complex impedances 
of any number of cascaded resolvers in any config 
uration can be derived from conventional network 
theorv. ‘The formulas shown for resolver connections 
in this article were derived from the simplified fot 
mulas for cascaded networks given in Reference | 
These simplified formulas work well because two 
assumptions were made at the outset: first, that the 
generator impedance Z, in Figures + and 5 (see spc 
cial box), was zero because the resolvers were excited 
by line voltage; and second, that the final load im 
pedance, Z,, was infinite because the last resolver 
looks into a practical open-circuit represented by the 
servo amplifier. 

If these assumptions are not applicable, the general 
formulas given in Reference 1, which involve reflec 


This circuit can be used te 


FIG. 3 


the T-circuit parameters of a resolver 
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Formulas for Formulas for Formulas for 
iterative connection of image connection of n cascaded 
n cascaded resolvers n cascaded resolvers symmetrical resolvers 


I'ransfer ratio I'ransfer ratio 


Il odd 


Input mp 


, Input impedance 


n, even or odd 
where Z,», is the characteristic im 


pedance of the T’ section looking 

into the rotor. 
“d K,+WVA, $)/2 5 

where ¢ is the propogation 

function which gives the attenua Definitions 

tion and phase shift per section. p*8 VKiK. + VgZ0/Z 
K K, + Kz) Z 6 


K AK K.)/Z i 
K,, Ks, and Z,, are the parame where 


ters of the equivalent 1 
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tion coefficients in both directions, must be used 
instead; the calculations then become much more 
complex. 

Basically, there are two forms of connections for 
cascaded resolvers. One, called the iterative connec- 
tion, uses all resolvers in the same sense, i.e., all 
step the input voltage up or down. The other form, 
called the image connection, alternates the resolvers 
with regard to their step-up or step-down property. 

Most of these formulas can be derived by conven- 
tional circuit analysis, but the method shown here 
emphasizes the attenuation and impedance parame- 
ters and gives better insight into the behavior of 
cascaded resolvers. 

There is a special case, involving resolvers with 
a 1:1 transformation ratio. The formulas for all 
cases are presented with Figures 4 and 5 on page 87. 


Application to size-8 resolvers 


The 8-A-1 resolver has a normal transformation 
ratio of about 2.6:1 and a phase shift of plus 20 deg 
when connected open-circuit and rotor-excited, and 
the 8-A-4 resolver has a transformation ratio of about 
1:1 and a phase shift of plus 20 deg. 

The catalog values and measurements described 
previously were used to calculate the T-circuit para- 
meters (‘Table 1) for each resolver, and the behavior 
of each resolver under various conditions. The cal- 
culations for the 8-A-]1 resolver will be shown in 
some detail for the iterative connections, to illustrate 
the use of the formulas. Calculated results were 
compared with experimental results taken on actual 
configurations. For the iterative connection of 8-A-] 
resolvers connected step-down (magnitudes are in 
ohms and angles are in degrees) the formulas yield: 

K, = 2.992—17.7 
K, = 1.952Z—21.8 
Zn = 594 2 +58.6 
Zu/Zn = 0.1381 2 
e> = 0.3622 +22.7 
Attenuation per section = 0.33 (ratio) 
Phase shift per section = +22.7 deg 
Ey _ 1,12 Z—3.2"e™ 
E — 1.0 + 0.131 7—28 « es 


and for n > 1, 


—9 = 1.12 /-—3.2°e™ 
E Z 
594 758.6 * (1+0.131 7 —28 - e-™) 


Zin = i—em 


and forn > 1, 


Zixn = 594 +58.6 


‘These results are plotted in Figure 6. The com- 
plex transfer ratio is compared to the experimental 
results, shown dotted. ‘The agreement is quite re 
markable considering that the impedance measure- 
ments were taken on only one resolver to an accu 
racy of only about 3 percent. Experimental results 
on all other plots were so close to the theoretical 
results that only the latter are shown. 

The formulas given were then assumed to corre- 
spond to reality and used to calculate the errors due 
to unbalance of load and tolerance of components, 
quadrature voltage effects, etc. 

In all cases, the experimental data taken agreed 
with the theoretical values to an average of 2 per- 
cent on amplitude, and to about 3 deg on phase. 
This is well within the measurement and component 
tolerances for impedance and voltage parameters. 

Figure 6 shows that connecting the 8-A-1 resolver 
iterative-down results in a prohibitive loss of signal 
—about 45 to 1 for four resolvers. This result agrees 
exactly with the open-circuit attenuation for four 
step-down resolvers, indicating that passive loading 
has little effect in the step-down connections. 

Figure 7 shows that the image connection, which 
alternates step-down and step-up transfers, reduces 
the above attenuation by a factor of almost 8 for 
four resolvers. Clearly the image connection is pref- 
erable to the iterative-down connection. 

Figure 8 compares the image connection with the 
iterative-up connection. The iterative connection 
gives twice as much signal for two resolvers and 
about the same signal for four resolvers; from that 
point on its signal becomes increasingly less because 
of its higher attenuation rate. Furthermore, its im 
pedance plot (Figure 9) shows that the iterative-up 
impedance is only about that of the image imped- 
ance (Figure 10), making it prohibitive from the 
current supply standpoint. 

It can be concluded then that the image connec- 
tion is superior to either iterative connection for 


TABLE 1—EQUIVALENT-T PARAMETERS FOR TYPICAL RESOLVERS 





Parameters 


Resolver Type 





8-A-1 (2.6: 1) 
(Rotor Excited) 


8-A-4 (1: 1) 
(Rotor Excited) 





280 + j600 
38 + j136 
26.6 + {268 











280 + {600 
200 + er catalog Values 
65 + {595 Norden Measurement 











FIG. 6. Transformation ratio and phase 
shift for one to five cascaded 
resolvers in the iterative step-down connection 


FIG. 7. Transfer ratio magnitude and phase 
for one to nine image-connected resolvers 


FIG. 8. Comparison of transfer ratios 
for one to six cascaded resolvers in 
the iterative step-up and image connections 


step-down resolvers, especially when more than two 
units are used. And when driving power is scarce, 
the image down connection is preferred in order to 
minimize current drain. When n is even, the same 
voltage results for either image connection, as can 
be seen by interchanging K; and Ke in Equations 
9, 11, and 14. 
The symmetrical resolver (8-A-4) 

The transfer ratio plot of the symmetrical resolver 
shows a decided loss of signal in the iterative (up 
or down) connection, and, since the resolver is sym 


metrical, in the image connection, too. The signal 
attenuation of about 7:1 for four symmetrical re 


solvers, is about the same as for the 


connected on the image basis (com 


with Figure 10). 


8-A-] 


ATC | 


resolver 
Pu4e 1] 


It appears that the characteristics or input imped 
ance of the symmetrical resolver is about equal to 


the image impedance of the 8-A-1 1 
two facts show that there is surprisin 


ence in performance between th¢ 


solver and the particular step-down 
for analysis. 


' 


Also evident from the plots is that 


mate formulas for large n, or n 
in all cases for n= 3. ‘These formula 
for the iterative connection, and 
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» Magnitude 


Phase Shift, Degrees Lead 


Phase Shift, Degrees 


4 
Resolvers,n 


FIG. 9. Comparison of magnitude 
id phase shift of the input impedance 
to five resolvers in the two 


rative (up and down) connections 


FIG. 10. Input impedance characte 


for one to five resolvers in the 


mage connection ympare with Figure 


FIG. 11. Transfer ratio and input impedat 
r one to six svmmetrical resolvers 


} 


scade compare ith Figures 


+ 


Number of Resolvers, n 


the image connection. ‘This validity is because the we generator driving a load Z 4, is affected by 
error term is of the order of e or e?", For n= 3 its varying output impedance. Hence ‘Theve 
and for the resolver considered, this term has a maxi nin’s equivalent circuit should be used instead 
mum value of about (0.5)® ~ 0.016, which is negli of the ‘T-circuit to calculate linearity un 


gible compared to unity. der load. 


to im thi 


Application to rotary transformers 1 experimental work referred 
‘ ne by Stewart Weisberg of the Norden Lab 


I'he theory developed here may be applied directly 
to chains of other passive elements, especially rotary REFERENCES 
( LCa4®r re F TS. NVC é 2c 
li icar) transformers However, two complications COMMUNICATION NETWORKS—1935. 
arise in this connection: Vol. II, Chapter 4. 
1. The output impedance and equiv lent cit > FOUR TERMINAL NETWORKS. O. P. D. Cutt 
cuit for a typical transformer varies noticeably less Engineer”, March 1953, pp. 61-68 
: and must be evaluated for each shaft position. VISUALIZING RESOLVER CIRCUITS, J. Kad 
2.'‘The linearity of this unit, considered as a volt Engineering”, April 1956, pp. 86-91 
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EQUIPMENT CosTs 


for industrial 


Pressure Measurement 


HOWARD R. KALBILEISCH, New Hyd 


Data File No. 9 (CONTROL ENGINEERING 
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MMe 


- 


presented a series of tables for deter 


initial equipment costs for a variety of 
temperature-measuring systems. ‘The following tables 
prepared by the same author, provide a complemen 
tary guide to pressure-measuring systems 

Again factors such as range and accurac\ 


struments, type of sensing element, and 


functions affect proper selection. Since morc 
one arrangement may satisfy requirements of a pal 
ticular svstem, it is important to select the one that 
best suits the problem and is the most economica 
lable 1 shows the working range of some commot 
pressure-sensing elements, and Table 2 covers the 
cost of various instrument arrangements and contr 
loops. Figures shown are based on direct-connected 


pneumatic, and electronic systems. Table 2 als 
relates cost to the type of element used and the ex 
pected accuracy. Numbers under the cost figures refer 


5 


I 
to the diagrams shown in Table 3. These diagram 


illustrate the instruments and control components 


included in the cost of the corresponding system 
FOLLOW THESE STEPS 


P Sclect in Table 2, columns A and B, the pressure 
range desired and the type of sensing element to b 
used. 

> Note in column C 


alternative, and choose the one most suitable for th 


the expected accuracy of each 
l 


application 

> \love across the table to column D. Under the dé 
sired instrument function or control loop, find the 
equipment cost and corresponding diagram number 
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Table 1 RANGES FOR PRESSURE-SENSING ELEMENTS 
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Table 3 ELEMENTS AND CIRCUITS 
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COSTING EXAMPLE 


A) Air supply reducing regulotor, f 


and pre 


electric operated 


’ 


The cost of a 0-20,000 psig helical-operated (PIC) pressure-indicating- 
controller (Diagram 15) is $745; the breakdown follows: 


Transmitter, pneumatic 
1 point indicator, automatic-manual ... 


Plug-in-controller, throttling and reset ... | . 


Ring air-operated diaphragm valve 
2 air sets, reducing regulator and filter . 
200 ft plastic tubing 


220 
150 


28 
20 


Total $745 
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Applying Pneumatic 
Relays to 
Industrial Control 


PART II-SEVEN USES FOR MULTIFUNCTION RELAYS: 


MEASURING SOLIDS WEIGHT IN HOPPERS 

CONTROLLING WEIGHT OF BELT-CONVEYED SOLIDS 
COMPENSATING MACHINING DIMENSIONS 

CONTROLLING PRODUCT PURITY FROM PROCESS MEASUREMENTS 
CONTROLLING OVERPEAKING DURING START-UP 

CONTROLLING ENERGY BALANCES 

CONTROLLING WINDING SPEED AND TENSION 


H. SHERID GARRETT, Moore Products Co. 


In many control applications multiple input sig 
nals, or modifications of signals, are used to obtain 
a specific control characteristic. Often multifunc 
tion pneumatic relays can provide this characteristic. 
Ihe two basic multifunction relays are the pneu 
matic-force-balance relay and the mechanical-force 
balance relav. Although their constructions differ— 
and construction has some effect on performance 
cither relay can be used in the applications to be 
described in the following pages. Because of their 
versatility in solving a variety of practical static and 
dynamic problems, multifunction relays are consid 
ered to be pneumatic computers. 

The term force balance means that all unbalanc 
ing forces due to pressure signals in the relay’s 
chambers must be canceled out before the output 
pressure can assume any constant value. In both 
types of relays chambers A and B apply a positive 
force—an increase in pressure in either chamber 
results in an increase in output pressure D—and 
chambers C and D apply a negative force. Springs 
provide an adjustable positive or negative mechani 
cal bias force that adds to or subtracts from the ait 
signals. ‘Il'o assure this condition, supply pressure S 
must be greater than maximum output pressure 
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he pneumatic force balance relay, at the top of 
the next page, responds to pressure applied to its 
equal-effective-area input chambers and to spring 
loading. Pressure in chamber A is exposed to a 
unit-area diaphragm, pressure in chamber B_ to 
two diaphragms: the upper one has the same 
unit area as chamber A and produces a unit nega 
tive force, and the lower one has two unit areas 
and produces two units of positive force The 
resultant force in chamber B is one positive unit. 
\ given pressure change in chamber A or B will 
produce the same output pressure change. 

Chamber C is constructed similar to chamber B, 
ind chamber D is similar to chamber A, but the 
resultant forces in C and D are negative 
in D is the relay’s output pressure. 

Ihe mechanical force balance relay, below the 
pneumatic relay, responds to pressures applied to 
equal-area input chambers, to spring loading, and 
to the lever ratio L,/L. determined by the adjust 
able fulcrum. The basic relationship for D is 


D Ih/L(A -C)+B2K 


Pressure 


his equation applics to the pneumatic force 
balance relay, too, when the L;/Lz ratio is provided 
by feeding back, through a pressure-dividing circuit 
of two orifices in series, from output D to A 





Functions obtained from the basic equation also 
apply to both types of relays. When the lever ratio 
is unity, D Aa 8 C+ K. ‘The average of 
two signals applied to chambers A and B can then 
be obtained by connecting the output D back to 
chamber C, so that C equals D. ‘The equation, 
with this circuit, becomes 

Db 1+ b6)/2+K 

Reversing action can be obtained for one input 

signal. In this case C is the input and the output 1s 
D AK —¢ 

Multiplication of one input by a constant can be 
obtained by adjusting the lever ratio to equal the 
constant. ‘Thus, with A as the only input and with 
B and C not connected to signals, the output is 

D L,/l.A +K 
Ihe basic arithmetic relationship permits calcula 
tions of many other static characteristics. 

Adjustable orifices (needle valves) in the inputs 
and output extend the versatility of multifunction 
relays so that they provide dynamic characteristics 
involving a time element. Pulsing, one such chai 
acteristic, is used in an application that follows 
Proportional plus reset, also used in an application, 
is another example. Here, pneumatic set-point 1s 
applied to chamber A and the measurement signal 
from the transmitter is applied to C. ‘The reset 
action is obtained by connecting output D through 
an adjustable orifice to chamber B. ‘The ratio 
L,/L2 provides the proportional action. As long 
is any offset or deviation persists between set-point 
ind measured signals (any pressure difference in 
chambers A and C), the output pressure will con 
tinuously change because of the continuous feed 
back from the output into chamber B. ‘The adjust 
able orifice determines the reset rate 
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Measuring solids weight 
in hoppers 









\ typi i] solids weight Ca 
lem and its solution is shoy Ra ft 
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multifunction totalizing relay 
weight signals 


hopp 
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the total weight of solid 









Controlling weight of 
belt-conveyed solids 


At the right is an arrangement for measuring the 
weight of solids dropped onto a moving conveyor 
belt. The floating-table weighing mechanism sup- 
ports the belt from underneath and two weight 
transmitters—one on each side of the table—detect 
a portion of the total load. The system measures 
the total load, even though the solids may not be 
distributed evenly on the belt, as the solids come 
from the pneumatically controlled upstream feeder. 

Each transmitter will have maximum output with 
maximum load. If all product is on one side of 
the belt, the transmitter output on that side will 
represent the total net weight, the other transmitter 
a zero weight. If the load is distributed 30 and 70 
percent about the belt’s centerline, the transmitter 
outputs will correspondingly be 30 and 70 percent 
of maximum. The pneumatic output signals from 
the weight transmitters go to a multifunction total- 
izing relay whose output is the sum of the two 
signals representing the solids’ weight. ‘Totalizing- 
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relay output goes to the feeder upstream to correct 
any deviations in the desired weight. 

Since the conveyor belt moves at constant speed, 
this weighing system actually controls the product’s 
flow rate. ‘Thus the belt output can be rated in 
such terms as lb per min or tons per hr. An elabo- 
ration of this weighing technique will permit accu- 
rate proportioning of two or more solids while main- 
taining the preset production rate of the blend. 





Compensating machining dimensions 
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The small tolerances, on the order of plus or 
minus 0.0001 in., permitted in modern machining 
practice require dimension-measurement correction 
for ambient and liquid-coolant temperatures. Other- 
wise, the machining error due to these factors would 
be too large a percentage of the tolerance. In other 
words, fluid-coolant or ambient temperatures influ- 
ence the part size, and the size will be in error at 
the basic temperature at which the part will be used. 

The diagram above shows how a multifunction 
relay can compensate the dimension measurement 
for these temperatures. Basically, a pneumatic di- 
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mension-transmitter measures the size of machined 
or formed parts and transmits an air signal propor- 
tional to exact size to a size-control circuit. The size 
control responds to dimension changes as small as 
0.000005 in. The closed loop is completed by con- 
trolling the machine or tool responsible for the 
dimension being measured. 

The figure shows the dimension transmitter meas- 
uring the inside diameter of a cylinder. This dimen- 
sion is exactly reproduced by a multifunction relay 
if there is no correction. Measurement is corrected 
by adjusting the relay output with a pneumatic 
signal, proportional to coolant and ambient tem- 
peratures and in accordance with the difference be- 
tween the actual temperature and basic temperature 
at which the exact dimension is desired. 

Suppose the coolant temperature—which affects 
the workpiece—is higher than the basic tempera- 
ture; then the ID of the part will be enlarged. But 
if the part is machined without any correction, the 
ID will be too small at the basic temperature. The 
coolant temperature therefore adds to the relay out- 
put, and more material is removed at the higher 
temperature. ‘The result is a part machined at one 
temperature to be exactly dimensioned at another 
(the basic) temperature. 

A similar analysis may be made for ambient tem- 
perature correction because the measuring element 
itself changes size with temperature. An ambient 
temperature larger than basic would result in an 
erroneous measurement, making the part too small. 





ow Pneumatically controlled 
Light solids +. feeder upstream 


Controlling product purity 
from process measurements 


In such processing units as evaporators and dis 
tillation columns there is a correlation between 
product purity and temperature and pressure. Meet 
ing product quality specifications can be accom 
plished if this relationship can be instrumented and 
used for control. An interesting example of rela 
tion control is in a caustic evaporator (next column), 
where it is used to obtain desired 73 percent sodium 
hydroxide (NaOH) caustic products from 50 per 
cent NaOH feed stream. ‘The stream heats the 
stream and boils off water to increase product con 
centration. The solution concentration remaining 
in the hotwell is a function of the solution’s pres- 
sure and temperature, or boiling point. At a certain 
pressure and temperature a certain amount of water 
vapor will pass off from the 50-percent solution, 
leaving a solution whose boiling point corresponds 
to that pressure and temperature. 

Many combinations of pressure and temperature 
make up the boiling point curve for 73-percent so 
lution, while still other combinations make up other 
solution percentages. Generally, the boiling point 
curve is nonlinear, but over a limited range it can 
be considered linear. In this linear range, the tem 
perature transmitter is calibrated to transmit the 
same pneumatic output range as the pressure trans 
mitter does for the pressure range. ‘The thermome 
ter output will always equal the pressure transmitter 
output when the concentration is 73 percent. 

The signals are connected to a multifunction 
pneumatic relay, which measures the difference be 
tween them. Thus, the relay output will equal only 
the relay spring loading when the concentration is 


73 percent. ‘The relay output is compared with the 
controller set-point. ‘The spring loading and the 
set-point usually are fixed at 9 psi at the desired 
concentration. With this arrangement, a difference 
between the pressure and temperature signals pro 
duces an error at the controller which develops a 
correcting signal to adjust the outlet flow valve. 
Specifically, if the concentration decreases from 73 
percent to 65 percent the valve closes proportionally 
and holds the product in the evaporator for a longer 
time, during which time the steam boils off more 
water and increases concentration back to the set 
point. Although this control method assures a 
quality product, it does so at the expense of a vari 
able production rate. A liquid-level control circuit 
maintains the level of the 50-percent NaOH feed, 
compensating for changes in production rate by con 
trolling the inlet valve 














Controlling overpeaking during startup 


The common practice in modern three-mode 
stack-type controllers of introducing the rate mode 
before the reset mode eliminates overpeaking dut 
ing process startup. Most older-style case-type con- 
trollers cannot be internally modified in existing 
installations to provide nonoverpeaking, but many 











: Trane tt 
( m er 




















Proportiona 


us reset relay 











of them already do have proportional and rate action, 
so that nonoverpeaking requires only 1:1] 
tional plus reset action following the 
[his arrangement is shown at the left. 
\ multifunction pneumatic relay provides 1:1] pro 
portional action through its 1:1] diaphragm ratio 
or lever ratio, in the case of a mechanical force 
balance relay). ‘The controller signal is applied to 
chamber B. ‘The reset action is obtained by con 
necting output D through an adjustable orifice 
chamber A. ‘The adjustable orifice 
determines the rate of output change 
Ihe reset mode will thus be acti 
lead factor of the rate 
reset mode to correct 


propo! 
controller 


mode, wh 
itself just 
reaches the set-point Lhe reset 
and proportional band may _ b¢ 
with any of the formulas found 
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Controlling energy balance 
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\n important use of multifunction pneumatic 
relays is keeping in balance those energies that affect 
a variable. A typical case is shown above. Here 
product temperature at the outlet of the fired 
heater controls heater fuel flow, hence heat input 
to the process. Changes in liquid level in the tower 
or in the product flow rate will have an effect on 
the temperature, but the effect will be delayed due 
to time lag in the process. For an increase in prod 
uct flow rate, for example, means that a preset fuel 
rate must now heat more product in, the same time 
and the product temperature must decrease. How 
ever, several minutes may elapse before this de 
creased temperature is sensed by the temperature 


controller and a correction made to the fuel-control 
valve to increase fuel-flow rate. 
during this time. 

\ multifunction relay, modified and connected 
to produce correcting impulses, improves controlla 
bility. ‘The basic relay, pneumatic or mechanical, 
is modified by an adjustable needle valve (adjustable 
orifice) connected between chambers B and C. It 
receives two signals, a primary from the temperature 
controller and a secondary from the tower-effluent 
How transmitter. ‘The relay output, chamber D, 
totalizes the inputs and adjusts the fuel valve. 

During steady product-flow conditions the pres 
sures in chambers B and C are equal, thus canceling 
each other out so that the relay output is controlled 
only by the temperature signal in chamber A. How 
ever, when a flow change occurs its full signal 
appears immediately in chamber B but builds up 
slowly in chamber C because of the restriction 
hus, a flow-signal pulse at B is added to the steady 
temperature signal at A, and the relay output adjusts 
fuel rate for both temperature and flow. ‘The tem 
perature starts to correct immediately. 

Some time after the flow stops changing the flow 
signal pulse is canceled out because the pressure in 
chamber C has reached that of chamber B. The 
canceling time is adjusted at the needle valve so 
that cancelation is completed just when the level 
or flow change reaches the temperature controller. 
(hen the temperature signal alone adjusts the fuel 
valve, through the multifunction relay 


Poor control exists 





Controlling winding speed and tension 


One big problem in the winding of continuous 
sheet material is speed synchronization of feed and 
wind-up machines. Basic synchronizing may be 
done by sending one speed-control signal from the 
manual loading station to both feed and wind-up 
mechanisms, as shown at the right. However, to 
take care of individual wind-up characteristics and 
such variables as load changes, tension changes, dry 
ing time, and roll size changes, additional speed 
trimming adjustment is necessary on the wind-up 
machine. ‘The variables are usually adjusted through 
an idler roll, with a pneumatic position transmitter 
forming and maintaining a slack loop. 

Idler-roll position signal is fed immediately to 
the wind-up machine speed control along with the 
basic speed signal. Thus, a position change is de 
tected and corrective action is completed rapidly 
enough, even on fast-moving sheet material, to pre 
vent loosening or tightening of the loop and con 
sequent tearing or dragging of the material. A 
multifunction pneumatic relay totals the basic-speed 
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and trimming signals. The output of this relay 
represents the proper speed signal corrected for all 
loop variations. 


Ihe high-gain precision relay in the circuit is a 


safety feature. Should the material break or reach 
the end of the roll, the idler roll moves to a limit 
and produces a pneumatic signal that shuts down 
the wind-up machine. A modification of the circuit 
will allow shutdown of the feed machine, too. 


























ositioning Systems - III 


JOHN D. COONEY and BYRON K. LEDGERWOOD, Control Engineering 


This is the third and concluding part of Control Engineering’s staff-researched report 


a 
on 31 different foreign and domestic design approaches to numerically controlled 


point-to-point positioning systems. Included are descriptions of nine systems with 


full coverage of performance characteristics and their modes of operation 


CHECKLIST OF 
SYSTEM 


CHARACTERISTICS =Ill 





MANUFACTURER 


EQUIPMENT 
FURNISHED 


ACCURACY 


AVERAGE 
POSITIONING 
TIME OR SPEED 
BETWEEN POINTS 


STORAGE 
MEDIA 


TYPE OF 
MEASURING 
YSTEM 





MODERN ENGINEERING 
SERVICE CO. 
1695 Twelve Mile Road 
Berkley, Michigan 
no. 23 


One-axis programmer 
with mobile console, 
manual input and 
electrical control 
panel, but without 
tape reader 


6 sec for 
30-deg index 


Standard 1-in 
8-channe 
punched tape 





REEVES INSTRUMENT CORP. 
215 E. 91st St. 
New York, N. Y. 


no. 24 


Control system 
complete with 
console, feedback 
devices, tape reader 
and power servos 


0.0002 in 


1-5 sec 


6-channe! 
l-in 
punched tape 





NATIONAL AUTOMATIC 
TOOL CO., INC. 
Richmond, Indiana 
no. 25 


Machine tools and 
positioning tables 
complete with all 
necessary controls 
and tape reader 


0.002 in.; 
repeatability 
+ 0.0002 in 


150 in. per min 
rapid traverse 


Standard 1-in 
8-channe 
punched tape 





WESTINGHOUSE ELECTRIC CORP. 
SYSTEMS CONTROL DEPARTMENT 
Buffalo, N. Y. 

. 26 


$4,000 to 
$15,000 per 
axis depending 
on length and 
accuracy 


Complete multi-axis 
contro! consisting of 
reader, feedback 
elements, control 
station, power servo 
plus transistorized 
circuitry 


To + 0.0001 
in. per ft 
standard; to 
+ 0.0001 
nch total 
with 
calibration 





ELECTROSYSTEMS, INC. 
2741 North Naomi Street 
Burbank, Calif. 


$7,000 
per axis 


Positioning table 
complete with contro 
console, tape reader 
and drive servos 


Standard 1-in 
8-channe 


tape; punched 
Cards; selector 


switches 








NORDEN-KETAY CORP. 
13210 Crenshaw Blvd. 
Gardena, Calif. 


$6,000 to 
$30,000 


Will supply complete 
system for use on new 
or retrofit equipment 





WARNER & SWASEY 
RESEARCH CORP. 
34 West 33rd St. 
New York 1, N. Y. 





EKCO ELECTRONICS, LTD. 
Southend-On-Sea, Essex 
England 

no. 30 


$9,950 


Two-axis control, 
measuring units, 
control console and 
tape reader, but 
without positioning 
motors 


100 in. per min 
rapid traverse 


Special 10-in 


Mylar tape 
standard 


n tane 
ape 





360 in. per mir 
maximum slow 
speed 


Standard 1-ir 


8-channe 
punched tape 





0.0001 





Complete control 
system including 
Panelboard, feedback 
transducers and 
power servos 


0.0002 in 
7 sec 
of arc 


100 in. per min 
rapid traverse 





CLEVELAND INSTRUMENT CO., INC. 
735 Carnegie Ave. 
Cleveland 15, Ohio 

no. 31 





$15,000 


Rotary positioning 
system complete 
with transducers, 
card reader, and 
power servos, but 
without table 


3 sec 
of arc or 
+ 0.0001 


rotary table 


Standard 1 
8-channe 
punched tape 


Pulse generator 

gearedt 

table motior 
crementa 





f on 
entiometers and 
vers geared 
rack and pinion 

olute 





REPRINTS AVAILABLE 


Complete Series (Parts I, Il & Il!)—$1.25 


Write Readers Service, Control! Engineering, 330 W. 42 St 


Part I—60¢; Part 11—50¢; Part I11—40¢ 


N. ¥. 36, N. Y. 





System 


ad moveRN ENGINEERING SERVICE Co. 


Although theoretically applicable to linear position 
ing, the ‘Type II control system has to-date been used 
exclusively on rotary tables. Modern Engineering Serv 
ice Co. of Berkeley, Mich. supplies the control sepa- 
rately, as part of complete positioning tables in 18-, 
24-, 36-, and 45-in. diameters, or installed on a JACY 
piercing machine, Figure 23.1. Cost of a 45-in. table is 
about $33,000, including complete electrical controls 
and control panel, programmer, electric motor, hy- 
draulic fluid motor, and automatic lubrication systems. 
The programmer alone is priced at $9,500 with mobile 
console, pushbuttons for manual input and electrical 
control panel, but without tape reader. 

l'ape-controlled systems employing Flexowriter equip- 
ment arranged for binary-coded decimal storage are ob- 
tainable. Reading is done a line at a time into relay- 
matrix buffer storage. ‘The internal language of the pro- 
grammer is conventional decimal, so conversion circuits 
are incorporated. ‘The measuring system consists of a 
proximity switch feeding pulses to electronic counters. 
Mechanical resolution is 1 min of arc, with accuracy of 
plus or minus 8 sec and repeatability of plus or minus 
1 sec. The average time required to travel from point 
to point on a typical 30-deg index is approximately 6 
sec. The additional time needed to lock up, pierce and 
initiate a new index is about 2 sec in the machine pic- 
tured in Figure 23.1. 

Indexing drive 

Rotary movement of the worktable is accomplished 
through a worm wheel integral with the table, and a 
worm driven by a hydraulic or electric motor. ‘To mini 
mize backlash, dual leads are cut and ground into worm 
wheel and worm, respectively. The worm has a low 
helix angle so that when the drive is stopped the table 
is effectively locked. The input to the worm gear shaft 
is equipped with a quadruple lobe master index plate 
which makes one complete revolution for each 4+ min of 
table rotation. A proximity-type transducer mounted 
adjacent to the master index plate is triggered each time 
one of the lobes passes it. In this way, a pulse is de- 
livered to the counting circuits for each 90 deg of index 
plate movement, equivalent to 1 min of table rotation. 
lor one complete revolution of the table, the transducer 
dispatches a total of 21,600 (360 x 60) pulses to the 
counter. 

To provide capacity for 21,600 min, a five-decade 
electronic counter is employed. Each decade consists of 
a Burroughs beam-switching tube with an associated 
numerical indicating tube (Nixie) for visual readout. 
The counter is of the “‘predetermined” type, meaning 
that it can be set to react to any given total. When it is 
desired to turn the table to a given position, the numeri- 
cal designation of that position (in minutes of arc) is 
keyed into each decade. This number is then read into 
the system to set the predetermined counter. ‘Table 
movement starts, releasing a train of pulses that begin 
to reset the counter back to zero. When all decades 
of the counter have been cleared, the table will have 
been rotated to set-point. 
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FIG. 23.1. JACY precision index and pierce machine. Part 
shown is a jet-engine turbine stator band with 56 airfoil slots 
Time to index and pierce one slot is about 8 sec 


System operation 


lhe master index plate, seen in the schematic block 
diagram, Figure 23.2, is geared to the table motion. At 
the start of an index, the table is accelerated to maxi 
mum velocity by the electric or hydraulic prime mover. 
Ihe transducer is excited by a continuous signal from an 
oscillator. As each lobe of the index plate nears the 
transducer, its impedance increases to momentarily) 
block the signal. These interruptions are recognizable 
as pulses, which are amplified and fed to a pulse input 
control unit. Here the pulses are reshaped, then fed 
through an input gate to the first of the five predetet 
mined minute counters. These are cascaded to record 
units, tens, hundreds, thousands and tens of thousands 
of minutes. 

Maximum table velocity is sustained until some 
quantity X of pulses before zero is reached. Here the 
counter closes a relay to shift the table to slow speed 
(he deceleration count is established by means of 
selector switches on the basis of speed, size, and type 
of table being controlled and the nature of the drive 
(whether electric or hydraulic). At one count before 
zero, a second relay is closed to energize the solenoid 
of a directional valve. This admits oil to a hydraulic 
cylinder, which actuates the shot pin or detent that 
locks up the table. 


Irrational indices 


In working on circular parts, it is frequently desired 
to perform some operation at equally-spaced intervals 
around the part. The JACY control is easily pro- 
grammed for such repetitive positioning. For example, it 
may be required to index a part progressively so as to 
drill a total of 60 identically spaced holes around its 
periphery. ‘To do this the number 360 (21,600 divided 
by 60) is set into the predetermined minutes counter. 
The positioner will then move the table through a 
series of 360-min steps, with the counter being reset 





iutomatically to 360 each time the table steps through 
in index. 

lhe control problem becomes more complex when 
rrational increments are involved. To illustrate this 
issume that the number of increments desired is 66. 
[he counter setting now must be 327.273, a figure that 
innot be handled by the predetermined minutes 
ounter alone. Yet, if the three least significant figures 
ire neglected, there will be a cumulative error of 
73 x 66 min after the table has stepped through 66 
ndices. To solve this problem, an additional threc 
decade counter is provided to handle the three digits 
to the right of the decimal point. On the very first 
index, the table is shifted by an increment of 327 min 
ind the remainder (0.273) is stored in an accumulator 
Ihis storage function is repeated at each step. 

Besides serving as a memory, the accumulator acts to 
idjust the count in the predetermined minutes counter 
is the total of the stored remainders mounts. This is 
done by dispatching an additional pulse to the minutes 
counter each time the accumulator total passes 0.500. 
(hus during the second index of the example chosen 
the accumulator total reaches 0.546 and one pulse is 
idded to the minutes counter. On successive indices, 
the accumulator total reaches 0.819, 0.092 (since the 
iccumulator range is only zero to 0.999), 0.365, and 
0.638. At the last figure, another pulse is generated. 
By such continuous correction, the position error is 


23.2. Schematic block 
of JACY control system 


Such irrational increment 
occur with a varied program of tape inputs as well as 
with the repetitive situation chosen in this example 
Operation of the accumulator circuit is as follows: at 
the beginning of an index the reset signal permits a free 
running multivibrator to transmit s1 
lator gate and then through dual amplifiers. ‘1 
signals are fed simultaneously to the predetermined 
decimal minutes counter decades and to the decimal 
minutes accumulator decades. ‘The pulse flow is per 
mitted until a predetermined count in the decima 
counter triggers a count stop gate; then it feeds back 
through a cathode follower and count-stop memory to 
close the oscillator gate. At the same time this cuts off 
the feed of pulses into the accumulator decades. Con 
sequently, at the beginning of each index the accumu 
lator is fed a discrete number of pulse 


never more than 358 sec 


gnals into an oscil 
| 


Cs 


] 


equivalent to 
that programmed into the predetermined decimal min 
utes counters. This enables the accumulator decades to 
store a progressive total and to direct, as previously ex 
plained, an additional pulse to the pulse input control 
unit for remainders above 0.500. Then, the master in 
dex plate will make an additional quartet 
tantamount to one extra minute of tabl 
The control hardware involved in thi 
carry-over memory in the pulse input control unit 
which triggers the input gate and drives 
amplifier) the units decade of minutes 


revolution, 
movement 
function 1S a 


through an 
counter 











































































































REEVES INSTRUMENT CORP. 


Reeves markets the Auto-Set control system as a com 
plete package with custom modifications to suit new ot 
existing machines. System hardware, such as_pro- 
grammer units, power servos, and position transducers, 
are also supplied separately to control builders. Present 
applications of the Auto-Set positioner include drilling 
machines, horizontal jig borers, and an automatic com- 
ponent inserter for printed circuit boards. 

The input medium is_ six-channel Flexownter 
punched tape which provides sufficient capacity for any 
number of parity-checked binary-coded decimal digits. 
Positioning accuracy of plus or minus 0.0002 in. has 
been obtained with repeatability of plus or minus 
0.00005 in. The time needed to travel from point to 
point depends on the type of servo drive and the posi- 
tioning accuracy demanded. For a small drill press an 
average time of 2 to 4 sec was noted. 


System operation 


\ block diagram of the Auto-Set control is given in 
Figure 24.1. ‘Tape information is read a line at a time and 
is switched to the X, Y or auxiliary function translators 
as determined by the address punched. Function of the 
X and Y position translators is to generate fine and coarse 
reference voltages that are analogous to the input num- 
bers. These voltages are compared to the outputs of 
the coarse resistance potentiometer and the fine induc- 
tion potentiometer, which are shown driven by the 
machine slide through a rack and pinion. The actual 











| 





coarse and fine relationships are decided, of cou 
the length of the axis and the resolution desired. In 
application described in the block diagram th 
of the resistance potentiometers make | rev fot 
slide motion while the shaft of the induction 
tiometer turns once for only 4 in. of linear travel 

[he cutover amplifiers and relays connect t 
and coarse loops individually to the servo amplifi 
[The magnitude of the error voltages determine whi 
circuit 1s ma at any given time. After amplif itt 
the error voltages ene servomotors that posit 
the machine in the X and Y axes. The command 
tions for both X and Y axes are displayed at 
on the console. he display elements are nu 
indicating tubes excited from a binary-coded-< 
decimal conversion matrix in the translators 


I'ranslator action 


Figure 24.2 is a schematic diagram of a tape-operate 
translator unit for one axis. There is one bank of rela 
for each digit of the position number. A five-digit 
position number such as 99.999 in. thus requit 
relay banks and occupies five rows of the tape. As 
row of data is read certain of the relays designat 
4, 2, and 1 are energized in conformance with the | 
configuration on the tape. By means of a holding ci 
(from “relay supply” to ground) the digit is 
while the succeeding rows are interrogated. 

lhe fine error signal is supplied from the uppe: 

Block diagram of two-axis 
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24.2. Schemat 
anslator unit for 


FIG. 24.3. Output volt 
two-winding induction 
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banks (0.1, 0.01 and 0.001 in.) in Figure 24.2. Two addi 
tional groups of relays are assigned to the coarse signal 
rresponding to the two most significant digits. The 
source of the fine error signal is a transformer having 
three groups of isolated secondary windings. The four 
windings in each group bear an 8-4-2-1 relationship to 
one another with respect to their number of turns. 
Thus, by energizing various combinations of relays in 
the three banks, a summary X voltage is formed that is 
proportional to the magnitudes of the binary-coded 
decimals inscribed on the first three rows of the tape. 
Each fine transducer is a two-winding induction 
potentiometer that produces two separate output volt- 


ages as the shaft is turned. These voltages have saw 


1 


me displaced 90 deg 
Ihe inherent advantage of this tran 
allows a fourfold improvement in resoluti 


tooth envelopes, 


li 
his is accomplished by using the coars positioning 
circuits to switch at any given time just one of the pot 
windings into the comparison circuitry. Thus, to select 
a position between 0 to 1 in., winding N l is used 
while between 1 and 2 in., winding Ni 


2 l ictive 
Between 2 and 3 in 


, winding No. | is used again, but 


with connections reversed to provide a swing from 0 to 
+ 10 volts (rather than from 0 to 10 volts 


is shown 


on the schematic Similarly, winding N 
covers 3 to 4 in. With his technique, th 
volt input range covers just one quadrant 
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NATIONAL AUTOMATIC TOOL 


I'he Natco numerical positioning control has been 
various drilling machines, Figure 25.1, 
manufactured by this firm. It is incorporated also in pos: 
tioning tables that are available to other machine-tool 
manufacturers and for installation on existing ma 
chines by users. An interesting facet of this develop 
ment is the avowed aim of Natco engineers to keep the 
system as simple as possible and to restrict it to mini 
mum departure from the established practices and hard 
ware employed in_ present-day 
design. 


designed fot 


machine tool control 
With the exception of three electron tubes, 
relays are employed exclusively in the logic sections 

The system now accommodates two axes up to 99.999 
in. in length, but can be adapted for more axes and 
longer lengths. The storage is eight-channel 1-in 
punched tape prepared on a special Natco machine 
Both tape and programmer coding is straight decimal 
throughout. Positioning accuracy is within plus ot 
minus 0.002 in. Repeatability is plus or minus 0.0002 in. 

Positioning is done at the high speed of 150 in. per 
min along each axis. (Actual table speed is vector sum 
of axis speeds. In the 24-x-36-in. table, a 3-hp two 
speed ac reversing motor powers each ball-nut leadscrew 
through differential gearing. The high-speed winding 
is energized until 1 in. from correspondence, where 
speed is reduced to 50 in. per min. At 0.1 in. from 
set-point, electric clutches associated with the differ 
ential gearing are energized to produce creep speed of 
0.5 in. per min. At set-point, the clutches are de 
energized and brakes applied. In practice, positioning 
is always done from the same direction. The direction 
of movement is not decided automatically by the con 
trol system, but is programmed onto the tape 


FIG. 25.3. Schematic diagram of comparator circuit 


FIG. 25.2. Chart explaining arrangement 
of numerical data on tape 
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l'ape reader 


\ hole position in one axis of motion occupies 


10-row block on the tape, Figure 25.2. The first colun 


is for parity check; the next five columns contain th 
five-digit position data; and the last two columns at 
for operator’s instructions and auxiliary control. ‘Th 
tape reader scans one row at a time, with informatio1 
for each axis being stored in five 10-position steppin 
switches. Because information is read serially thx 
reader contains a 25-position 10-level stepping switch 
that makes one step with each tape index. The need 
for this “information distributor’ can be under 
stood by an examination of just the X-axis block 1 
Figure 25.2. If this entire block were read at one time 
total of 50 fingers or brushes would be emploved f 
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the X-axis decimal location data. Each column of 10 
brushes would be connected to the position terminals 
of a specific buffer-storage stepping switch. During a 
“read”, cach of the five steppers would home immedi 
ately to its energized position contact. In serial reading, 
however, only five brushes are used for decimal location 
data. Some means must be devised to channel the 
reader-brush signals to the five position contacts asso 
ciated with the row of holes being read. This is the 
function of the information distributor, which is syn 
chronized with the tape. As the distributor stepping 
switch indexes, it connects each reading brush to a 
total of 20 contacts on the number storage relays. 


Position measurement 


Che feedback transducer is a decimal-coded Coleman 
Digitizer, geared to each leadscrew. The digitizer unit 
converts mechanical shaft positions into an electrical 
output, in five-place form. Each digitizer 
stator assembly, having five groups 
of 10 contacts. Each group of contacts 1s arranged in 
a circular pattern and is scanned by a dual brush rotor 
issembly. Five rotors, mechanically linked together by 
10:1 gearing, provide electrical outputs which differ in 
ascending powers of ten. 

I'wo solenoids are provided, which lift the 


decimal 


+ 


onsists OF one 


high 


ae WESTINGHOUSE 


Westinghouse offers two basic lines of positioning 
systems, which differ only in the feedback element 
used. Where applicable, linear synchros connected in 
a stepless switching arrangement are geared to a pre 
cision ballnut leadscrew. If greater accuracy is required, 
especially over long lengths, the Westinghouse “Nul 
trax”’ transducer is used instead of the measuring func 
tion of the screw. Both systems follow a_ building 
block approach which allows the majority of systems 
to be assembled from standard off-the-shelf units. All 
electronic circuitry has been transistorized and is fur 
nished in plug-in modular form. 

Ihe Nultrax transducer is basically a helical differ 
ential transformer. As shown in Figure 26.1, it consists 
of a cylindrical steel bar and a pick-off sleeve. It can 
be supplied in any practical length required (at present 
a 40-ft unit is being adapted to a drilling machine). On 
lengths over 7 ft the sleeve is supplied in horseshoc 
form, allowing the bar to be supported on rolls if this 
is needed for mechanical clearance 

\ two-start spiral thread is ground on the cylindrical 
bar and the pnmary winding placed in these grooves 
lhe two windings are joined at one end and brought 
out to slip rings at the other, forming a bifilar coil 
When excited by an ac voltage there is no external field 
due to the bifilar formation, but each wire is surrounded 
bv a fringinal magnetic field. 

lhe pick-off sleeve carries a bifilar winding on its 
inner surface, of the same pitch and lead as the primar 


coil. Clearance between the sleeve and bar is not 


speed rotor brushes from the stator 
rapid traverse, wher 


ontacts during 
a high degree of accuracy is not 
required. ‘The brush corresponding to the 
nificant (tens) digit 

99.999 in. of travel. In contrast, the brush 
with the least significant (thousandths) dig 
10 times with every 0.01 in. of trave 
wear, the brushes of the high-speed di u 
ing rapid traverse. 


most 


is energized just 10 times 


long an 
determined by comparing the settings of the five 
storage limit switches with those of th« 

\ schematic diagram for the tens and 


Correspondc nce 


coded di 


of the position comparator is shown 
Switches S, and S, represent the units 
switches, which are stopped at cont 
tape information. At the start of a 
plus voltage is put on the S, conta 
encounters the corresponding segm 
mutator (segment No. 9 in this 
extended from plus to the contact 
leadscrew rotation continues until the 
segment No. 7. At this point the ci 
from plus to ground. The K, and K 
gized and lamps 9 (in the tens bank 
units bank) are lighted. Contacts K 
now to actuate the 
drive motor 
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critical and allows relative linear mot 

are embedded in an epoxy resin which 

construction, provides a rugged clement 
When an ac voltage is applied to the prul 

ing, alternate turns carry current in opposite 

Figure 26.2. Positioning the seconda 

turns line up with adjacent primary tu 

imum voltage to appear across it 

26.2A. If the sleeve is displaced i distan 

the winding pitch, each of its turns | 

from primary turns and the output of tl 

zero or a null, Displacement equal t 

winding pitch again will result in realignm 

but with any given secondary turn nov 

primary conductor carrying 

direction The secondary output 

maximum but in the opposite phas 

displacement of the sleeve result 


current 


a sinusoidal function of position 
windings is so chosen that alternat 
venient distance apart; 0.1 in If 
rotated, anv one null is moved f 
hifted b 


corresponds to a lin 


evolution, the null is 
revolution 
0.0001 in 

All possible 
ducer are inherently climinated 
exception. 


sources Of error 


Local errors in the 
iveraged out over 50 to 70 turn 
ind becom«e negligible Thi 
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screws which may rest on high points. Winding errors 
in the sleeve are of no consequence since its turns are 
engaged in an identical manner in all positions along 
the bar. Eccentricity and tilting of the sleeve have no 
effect on accuracy since null positions are in a plane at 
right angles to the axes of both these possible misalign 
ments. Primary-bar bearings are designed so that any 
error caused by wobble is less than 1 microin. 

Lhe only possible source of error is an accumulative 
error in grinding the primary grooves. Controlled grind 
ing techniques and electrical correction keep these well 
within accuracy requirements. 

With respect to performance, Nultrax transducers 
can be supplied with an accuracy of one part in 400,000 
in lengths up to 40 in. Longer units have an accuracy 
of one part in 100,000, the variation being caused by 
practical considerations of temperature variation. Re 
peatability is better than plus or minus 0.0005 in. 
Noise present in a null amounts to an electrical signal 
corresponding to a linear displacement of less than 
0.00001 in. Stability is assured through the use of elec 
tronic circuitry which is fundamentally drift free. Tem- 
perature correction is available through a calibrated 
manual dial if desired. 


System design 


\ block diagram of a single co-ordinate positioning 








system is shown in Figure 26.3. The Nultrax primary bai 
is mounted parallel to the leadscrew and the sleeve 
mechanically attached to the machine tool slide 

Basically, the system can be divided into coarse and 
fine sections. Coarse positioning is accomplished in 
conventional manner. A linear synchro-type data ele 
ment gives an indication of table position, which is 
compared against the command signal from punched 
tape or selector switches. ‘The error signal drives the 
machine tool slide to the nearest 0.1 in. At this point 
an electronic coarse/ fine Nultrax 
system into effect. Command signals corresponding 
to 0.0001-in. increments cause the primary bar to be 
rotated to the corresponding position by means of the 
instrument servo loop. ‘This places the specific null 
in the precise command position. Displacing the ma 
chine tool slide relative to this null position results in 
a signal at the output terminals of the secondary sleeve 
his signal is amplified and used to drive the slide, 

Variations of the above are possible. Straight ac 
drives with clutches and brakes can be used as well as 
ac and dc motors. In some instances the 
Nultrax bar may be geared directly to the leadscrew, 
eliminating the transducer drive loop. In certain appli 
cations where highest accuracy is not required the 
Nultrax transducer may be eliminated. Here, linear 
synchros in a stepless switching arrangement are used 
directly as the feedback transducers. 


switch brings the 


Servo 


FIG. 26.1. Nultrax linear 
position transducer 





FIG. 26.2. Schematic show 
bifilar arrangement of primary 
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and secondary coils 


FIG. 26.3. Block diagram of 
Westinghouse positioning system 
with potentiometer feedback 
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FIG. 27.1 
Templet for manual 
tape preparation 


ELECTROSYSTEMS, INC. 


The “Electropoint” system is offered to equipment 
builders as a complete control package with or without 
application engineering. Electrosystems also designs 
and manufactures special machines that are available 
with numerical control. Cost ranges from $1,200 per 
axis (for manual input and control unit only) to $7,000 
per axis (including tape reader, control console, servo 
drives and positioning table). Among present users of 
Electropoint are Burg Tool Co. in drilling machines 
and Sheridan-Gray Co. in stretch-forming machines 
Positioning accuracy is plus or minus 0.001 in. 

The special Mylar tape, Figure 27.1, is 10 in. wide 
Just two rows of this tape are sufficient to carry all posi- 
tion and auxiliary command data for one hole location. 
he tape language is binary-coded decimal. A complete 
two-row field is read at one time so that no buffer stor 
age is required. Simple transistor matrices convert tape 
data into decimal form for use in the comparator, Fig- 
ure 27.2. Auxiliary-command information is read into an 
11-position stepping switch, providing a choice of 11 
machine operations. A series of six different auxiliary 
functions can be initiated without moving the tape 
Standard l-in. tape equipment is also available. 


Position measurement 


Ihe feedback transducer is a five-band decimal-coded 
disc converter coupled directly to the leadscrew. The 
brushes riding the high-speed bands are automatically 
lifted during rapid traverse. The output of the con- 
verter is fed to the position comparator, which consists 
of a group of transistors functioning in the switching 
mode. The comparator circuits control the direction of 
positioning; the starting of the drive servo at rapid 
traverse (100 in. per min); the switchover to slow speed 
5 in. per min) near set-point; and the application of 
magnetic brakes. 

The control panel, Figure 27.3, displays at all times the 
exact position of the table in both X and Y axes. The 
position indicator consists of two banks of pilot lamps, 
one for the X axis and the second for the Y axis. A 
column of 10 lamps in either bank is assigned to each 
digit of the five-digit position number. Individual lamps 
in any one of the columns are wired to the commutator 
segments of the converter band that is associated with 
it. Thus, the lamps are illuminated in numerical se- 
quence as the brushes wipe across the commutator 
bands and constitute an electronic micrometer. 








FIG. 27.2. Block diagram of two-axis 
Electropoint positioning control 


FIG. 27.3. Control panel features 
continuous display of machine position 
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Another newcomer to the numerical control field, the 
Data Systems group of Norden-Ketay, is offering semi 
standard point-to-point positioning systems for almost 
any type of machine, either as new equipment or for 
retroht. A prototype model is operating, but no systems 
have been delivered to the field. The basic functions 
are performed by the standard packages listed below, 
which can be combined to handle any degree of auto- 
maticity and any number of axes or auxiliary functions. 

> Position Measurement and Display Module—This 
equipment includes a bed-mounted precision rack which 
drives a coded-disc analog-to-digital converter through a 
pinion. The pinion and the converter move with the 
controlled machine element. The output of the con- 
verter is digitally displayed to the operator at all times, 
indicating the position of the machine carriage within 
0.001 in. The operator must still move the table manu- 
ally (or with normally available power drive) but it’s 
easier for him to accurately determine carriage position. 

> Numerical Control Module—In conjunction with 
the above module, numerical control permits position- 
ing and auxiliary function control by setting selector 
switches and other manual adjustments on a control 
console. This system includes data-handling circuitry, a 
comparison network, and a power servo. The power 
servo may or may not be supplied by Norden-Ketay. 

> Automatic Control Module—This unit adds 
punched tape input to the capabilities of the above two 
modules. ‘The tape can be prepared on a separate tape 
punch, or at the same time the table is being initially 
positioned. In the latter case, the instructions are 
entered through the manual controls and the tape 
punched simultaneously with machine operation. 

All inputs to the system are in straight decimal, al- 
though all internal manipulations, including output of 
the analog-to-digital converter, are in binary-coded deci- 
mal. Maximum slewing speed is 360 in. per min. Maxi- 


X-position _ 
measurement and display 
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mum axis length is 40 ft, with an overall posit 
accuracy throughout this range of 0.001 in. 


ioning 
plus or 
minus 0.0005 in. Estimated command read-in time plus 
time to stop from slewing speed in an average system 


is 1 to 3 sec for each axis. ‘The axes can be positioned 


sequentially or simultaneously depending on whethe: 
part of the equipment is time-shared. 

\ typical control console, including tape input, is 
about 30x 24x 48 in. It uses about 100 relavs and 350 
transistors for storage, display, and control. 

Input coding 
Manual input is in straight decimal code, using six 
] 


ten-position rotary selector switches for each controlle 
axis (from thousands of inches to thousandths of inches), 
with sufficient additional switches to handle necessar 
auxiliary functions. Coding circuitry converts the switch 
outputs into binary-coded decimal, the internal code of 
the system. Each manually-set digit is prominently dis 
played to the operator for verification. 

he recorded input medium is standard eight-channe] 
l-in.-wide punched tape. The first four channels oi 
each row are used to specify a single digit (in binar 
coded decimal) of command input information, while 
the fifth channel provides a parity check on the first fou: 
channels. The sixth, seventh, and eighth channels pro- 
vide space for three additional bits of auxiliary com 
mand information. The tape is read sequentially, a 
row at a time, and the information is stored in relay 
buffer storage. From there it is available in parallel form 
The keyboard-type tape unit accepts straight decimal 


Overall system operation 


Figure 28.1 shows a system schematic for one axis in 
which part of the equipment is time-shared. Binar 
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coded decimal information trom the _precision-rack 
driven analog-to-digital converter (representing actual 
table position) is compared with the tape or manually 
introduced desired-position information in the digital 
comparator. The latter generates an output signal pro 
portional to the algebraic difference of the two inputs; 
the amplified signal drives the controlled machine 
element through a power servo and an axis-selecting 
clutch assembly. When coincidence is reached in the 


first axis a clamp is applied and the comparator and 
power servo are switched to the next axis. When al! 
of the axes are positioned, the operation begins 

Che number of auxiliary functions that 
dled is limited only by the capacity of th« 
age registers. In general, thes« 
simple selection operations that can be assigned some 
arbitrarv coded address, and programmed into the three 


auxiliary function channels available in 


can be han 
iuxiliary stor 


vuxiliary functions are 


ich tape row 


WARNER & SWASEY RESEARCH corp. 


lhe Probomat point-to-point positioning system is a 
packaged control designed for application to both linear 
and rotary motions. Cost of a two-axis control, includ 
ing console, tape reader and two locating units, Figure 
29.1, is $9,950. The locating (Auto-Set) unit is coupled 
directly to a leadscrew, worm or pinion and performs a 
pure measurement function. The positioning drives are 
independent of this unit and may be of any type. Con 
ventional ac squirrel-cage motors with two-speed (100 
to-1 ratio) clutch-controlled gearing are recommended 
for the average application. 

Another unit, the Pilot Probomat, is designed for 
installation where it is desired to keep positioning con 
trol mechanically independent of the machine drive. 
In this case an instrument-type metering device is 
installed along each axis of motion. This metering 
device carries a pilot slide which is positioned by the 
control equipment to the desired set-point. The main 
slide is then driven until a sensitive limit switch con 
tacts the pilot slide. The metering unit contains a peg 
and pawl mechanism, with pegs spaced | in. apart. The 
carriage of the pilot slide is equipped with a pawl which 
can engage any of the pegs by automatic selection. 
Che decimal setting between inches is done by a 1-in. 
precision leadscrew actuated through tape controls by 
an Auto-Set unit. The same tape controls the peg 
selection and other functions of the machine. 

The input medium is standard l-in. 8-coluran 
punched paper tape using binary-coded decimal num- 
bers. Each row on the tape represents one digit of the 
position number expressed in inches and decimal frac- 
tions of inches or, in the case of rotary motion, in de- 
grees and decimal fractions of degrees. Control of an 
unlimited number of auxiliary functions can also be 
programmed onto the tape. 

The tape reader scans one line at a time and stores 
the number signals in a bank of stepping switches. At 
the start of a positioning cycle, the main drive motor 
for a given axis is energized and continues operation 
until the discs in the Auto-Set unit indicate corre- 
spondence to the input signal. The Auto-Set employs a 
coarse and fine range so that actually two correspond- 
ence signals are generated. The first clutches the main 
drive into slow speed while the second de-energizes the 
motor and applies a brake. 

The Probomat incorporates a minimum of electronic 
components, relying on industrial-grade relays for logi 


FIG. 29.1. Moore jig borer eq 
with Probomat tape control 


cal functions. The locating unit, which ittached to 
each leadscrew, is a complete pre-engineered packag 
measuring 15 x 5 x 10 in. and weighing 35 lb. Power 
requirements of the control system (not including th 
main drive motors) is 115 vac, single phas« 

Ihe accuracy potential of a Type A Probomat contro) 
is plus or minus 0.0001 in. over an axis length of 100 
in. As in all applications of numerical controls, th: 
machine itself is an important factor in determining the 
actual working accuracy of a point-to-point positioning 
system. Because present-day commercial tolerances ar 
such that the majority of machines offer working a 
curacies not quite as good as plus or minus 0.0001 
the capabilities of the T'vpe A control ufficient 
most uses. Where extremely precise machines ar 
equipped for numerical control, an alternate for 
Probomat, designed as Type HP and h 
accuracy of plus or minus 0.00001 in., i 

Present applications of the Probomat « 
clude jig borers and grinders, a boring mill 
of measuring machines, a gun-drilling 
rotary tables (12, 24, 50, and 84 in. d 
in. rectangular-coordinate table 
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System 





FIG. 30.1 
showing compact size 


I'he Ekco machine tool control type E117 is a simple 
and reliable system adaptable to both new and used 
equipment. All-electric rather than electronic, its four 
Wheatstone-bridge networks and 22 relays for sequenc- 
ing control provide a resetting resolution to within 
1/500 of a turn over a range of any 1,000 revolutions 
of the leadscrew. 

To overcome backlash, the approach to final position 
is always from the same direction, and impulse opera 
tion used during the final stages of travel reduces stiction 
effects. It is designed to present a standard 10 TPI pitch 
to the measuring system, and is capable of a resetting 
accuracy of 0.0002 in. 

Ihe basic system consists of a traverse unit for each 
leadscrew and a control unit for both traverses. 


The traverse unit 


Ihe traverse unit, Figure 30.1, contains the drive 
motors and pickoff potentiometers and counters for po- 
sition determination. The position-measuring system, 
directly coupled to the leadscrew, comprises a high- 
resolution 360-deg potentiometer, a 0-0.1 in. dial gage 
indicator, and three three-decade counters with each 
decade coupled to a low-resolution potentiometer. 

The high-resolution potentiometer, used as the slave 
arm in the Wheatstone-bridge servo controlling the last 
three digits of the position information, is wound over 
360 deg with a gap of only one wire width between the 
ends of the winding. 

To the wiper is connected a dial gage calibrated 
from 0 to 0.1 in. This in turn operates the final digit 
of the three-decade mechanical counter, once in each 
revolution. Each of the three dials of the mechanical 
counter is connected to a wiper of a 360-deg low- 
resolution potentiometer. These form the slave arms 
of the remaining three Wheatstone-bridge servos con- 
trolling the first three digits of the position information. 
These three low-resolution potentiometers operate from 
a supply of 5 volts, compared with 25-30 volts for the 
high-resolution system. This low resolution of only 1 
part in 20 is sufficient to provide an unbalance signal 
when the dials are half-way between two digits. 

‘The drive system uses two motors feeding through a 
differential system to the leadscrew. 

For rapid approach to position, a }-hp series-wound 
motor is used as an on-off servo and is controlled by 
sequential balancing of the first three-digit Wheatstone- 
bridge networks. When the leadscrews attain the par- 
ticular revolution in which the final selected position 
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Traverse unit 






lies, control changes over to a low-voltage, permanent- 
magnet, 0.03-hp de motor driving the output shaft at 

rpm. In the last few thousandths of movement, this 
motor changes over from continuous to impulse opera- 
tion, breaking down the low-velocity stiction. 

All the drive system and position potentiometers are 
contained in the traverse unit, which measures only 
9x 9 x 44 in. In addition to the counters, which pro- 
vide a visual check of leadscrew position, there is a 
datum shift mechanism to allow the measuring system 
to be uncoupled from the drive so that any position 
of the table can be chosen as datum. Pushbutton con 
trol of the motors on the traverse unit, both at high 
and low speeds, facilitates initial setting. 


Control system 


All control functions for the system are incorporated 
in the control unit (only 15 x 12 x 12 in.), which is 
completely self-contained with its own power supplies. 

Control information for each traverse is set up on 
a six-decade dial system which is direct reading in inches 
and decimals to the nearest 0.0001 in. Each dial is 
separately illuminated from behind and displays only 
the digit selected. Although the dimension is set up as 
six digits, only four Wheatstone-bridge networks are 
used. The three low-resolution bridges handle one digit 
each, while the one high resolution bridge handles the 
last three digits as a composite quantity. 

To avoid the ambiguities that occur with mechani 
cal counters on the “carry” position, the first three 
digits are examined sequentially, permitting the samc 
potentiometer to be used in association with three 
independent tapping switches and providing the master 
ratio arms for each of the first three digits. 

After the required dimension has been set on the 
dials (schematic diagram, Figure 30.2), all of which ap 
pear illuminated, depression of the “‘start” button oper 
ates sequencing relays to select the first digit (tens ot 
inches), Once selection has been made, the start relay 
releases the table clamps; then, after proving circuits 
verify this step as complete, the main contactor circuit is 
made. If the bridge circuit corresponding to the first 
digit is unbalanced, the sensitive center-stable polarized 
relay provides direction information to the motor, which 
rotates to bring the bridge to balance. During this 
operation the lights behind all dials but the first are 
extinguished to show this section is in control. 

When balance is achieved on the first bridge net- 
work the detector relay drops out, passing a signal to 





the sequencing relays. These select the next digit net 
work and at the same time illuminate only the second 
digit dial. The balancing sequence is repeated until 
atrival at the balance conditions switches control to 
the third digit. 

A similar procedure occurs with the third digit. 
When balance is achieved the sequencing circuit 
switches off the main motor and applies regenerative 
braking to prevent inertia from causing a run-on in 
excess of 1/10 in. This is the point at which, with the 
associated bridge disconnected on balance in readiness 
to pass control to the final high resolution system, a 
run-on would remain uncorrected. 

Che last three digits are treated as composite quan 
tity in one bridge network. Each digit is associated 
with an independent ten-step potentiometer, and the 
voltages from these are correctly weighted and added in 
series for comparison with the position-measuring 
potentiometer in the traverse unit. In detail, a 25-volt 
de source supplies this position potentiometer and thc 
ten-step potentiometer in the control unit operating on 
the first of this group of three digits. The ten steps arc 
obtained from preset-taps on a single winding poten 
tiometer, avoiding the use of close-tolerance resistors 
\ voltage from a conventional two decade Cromptor 
potentiometer operating from a separate de source is 
injected in series with the tapping point of this poten 
tiometer and the detector relay. This voltage represents 
the final two digits. ‘Thus, the three single-pole ten-way 
switches select tenths, hundredths, and thousandths of 
the voltage applied to the position potentiometer and 
apply the sum of the selected voltages to the detector 
relay. 

With the third bridge balanced, the sequencing 
circuits now select the auxiliary motor, which runs to 
balance this summed voltage against that at the wiper 
of the final position potentiometer in the traverse head 
Because these last three digits are treated as a compo 
site, all three dials are illuminated during this operation 

As the system nears balance, a backing-off potential 
is injected into the detector arm to cause a premature 
apparent balance. When this apparent balance is 
reached (within about 0.002 in. of the required posi 


tion), an impulsing circuit is brought into 
on the motor-control relays to impulse the auxiliary 
motor in steps of 0.0001 in. until final balance is ob 
tained, thus reducing stiction effects 

One feature of the design is that th 
final balance is always unidirectional, and 
by the injection of a backing-off potential 
balance. Choice of polarity governs th 
ance point: if the direction is d SI 
with the example given earlier, the dela 
causes the drive to continue past the required 
m arrival at the apparent balance point, the | 
potential is removed and _ the 
final position 
idjustable, 
eliminated 

Ambiguities in the final high-r 
cter position are overcome by the 
the overshoot system of backlash correct 
may under certain circumstances C1 
between the high and low potential end 
deg winding “‘in reverse”. The “carn 
into operation and released by the 
change, which occurs when the wipe! 
boundary and permits it to travel fat 
to provide correct backlash correction 


system ippIl 
unidirectionally. With th 


all backlash errors On an 


Punched-card control 


\ punched-card storage system is still 
ment; preliminary details show that 
quarto size and there will be facilitic 


th 
up to 144 holes per card. This will ena 
of positional information for 12 holes of 
size per card. Where more than 12 hol 
tool size are required, cards may be tap 
feeding through the transport mechan 
The card coding will be straight de¢ 

reader merely substitutes a series of fe 
the ten position rotary switches, and p1 
for stopping the machine when all th 
the card has been used 

















FIG. 31.1. Six-spindle 
boring mill for 

machining jet-engine 
casings 


= - 


With seven systems in the field (the first installed 
about a year and a half ago) and an impressive backlog 
of orders, Cleveland Instrument is among the more 
active of the point-to-point positioning system suppliers. 
The major activity to-date has been in the angular 
positioning of Omnidex indexing tables manufactured 
by Superior Machine & Engineering Co., Detroit. The 
six-spindle boring machine shown in Figure 31.1 is a 
typical application for the table. ‘This system, incident- 
ally, works just as well for straight-line positioning. 
There is no standard package, and semi-custom designed 
systems will be supplied to fit specific machines. 

Either Remington-Rand punched cards or standard 
l-in.-wide, eight-channel punched tape can serve as 
the input medium. Position measurement is analog, 
using a wire-wound continuous potentiometer for rough 
positioning and a special electronic vernier (patents 
pending) for fine positioning. This yields a program- 
ming resolution of 1 sec of arc, and an accuracy of plus 
or minus 3 sec of arc. In the straight-line positioning 
systems, accuracy is plus or minus 0.0001 in. On the 
machines supplied up till now, table drive is by a two 
speed ac motor through a clutch-selected two-speed geat 
train. Average positioning time with this arrangement 
is about 10 sec point to point, and maximum travers¢ 
speed with a 41-in.-diam table is 1.5 rpm. 


Input coding 


Figure 31.2 shows a Remington-Rand card for pro- 
gramming this boring mill. The first 14 columns are used 
to enter duplicate coding of table angular position. De 
grees (in direct decimal code) are punched in columns 
1, 2, 3 and 8, 9, 10; minutes in columns 4, 5 and 11, 
12; and seconds in columns 6, 7 and 13, 14. Duplicate 
codes assure proper card preparation and code reading 

Columns 15 through 26 contain duplicate coding of 
left and right spindle heights in tenths of an inch. 
Maximum spindle height is 39.9 in. Since only one 
spindle on each of the two slides is used for machining 
at any given time, rows 7, 8, 9 in the tens columns 
(columns 15, 18, 21, 24) of the spindle height fields 
(not used for height coding because of 39.9 in. limit 
on vertical travel) are used to indicate which of the 
three spindles is to be used. A punch in row 6 of the 
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same columns indicates that this is the last operation 
for the particular slide. 


Position transducing system 


Rough positioning to 10 min of are is achieved by 
means of a straightforward resistance-bridge-balancing 
network. The resistance ratio of the fixed arm of the 
bridge is set up by resistor-switching selector switches in 
the programmer. The other arm of the bridge is a con 
tinuous 360-deg wire-wound potentiometer fastened to 
the moving table. The table is positioned until the 
resistance ratio of the follow-up table-position-measuring 
potentiometer is equal to that of the programmed 
bridge arm. Control is then switched to the fine-posi 
tioning system. 

Ihe most interesting portion of the system is the 
vernier_ linear-differential transformer svstem shown 
schematically in Figure 31.3 (for straight-line position 
ing; it is wrapped in a circle for angular positioning). 
Fastened to the moving table are 360 differential-trans- 
former armature slugs on exact l-deg centers. On the 
machine base there are 15 exciter-coil/output-coil dif 
ferential-transformer structures on exact 56-min centers. 
Since the coils on the two legs of the differential-trans- 
former output elements are wound series-opposing, 
transformer output is zero when a slug is exactly aligned 
with a transformer structure. 

As shown in Figure 31.3, if an armature slug is exactly 
in line with the first differential-transformer structure, 
each successive slug will be an additional + min off 
center from the corresponding transformer structure 
until the 15th slug is directly in line with the 16th 
transformer structure (if there were a 16th differential 
transformer). ‘Thus by means of this vernier technique, 
| deg can be broken down into 4-min intervals simply 
by positioning an armature slug directly in line with 
the proper transformer structure. 

To achieve the final system resolution of 1 sec of arc, 
the 4-min vernier intervals must be further broken 
down. This is accomplished by nulling transformer 
output to a specified voltage instead of to zero. Since 
transformer output varies linearly with misalignment of 
the armature slug, selecting a specified output voltage 
by means of programming selector switches and nulling 





padwe UGYs Si a1QO, ‘paads 410501 
La) Japun pasindbau 4 41800 duly Sayajduxc 
WAsSAS PUD 4NO 44ND Si YIOMJaU UOIZOdIDIWUO awiy Siqy 
iy “pe 2 $1 ADjas UOIyISOd-uO PUD Uado aso Shodjau 
@SJ9Ads PUD PJOMIO) Qwij jSu 41 


4 c nid Daa 
s0019i,UO PUuo YHA peads-m 


9/904 Buijoyou u 
s6njs aunyowso 


Oijudsayip O9¢ 


Ai\GGns samod o 
SAOjas sajaw buiyow-; ” 





{ 
ADjau | 
G-u0 duly 


Aojas 








+ ¢ + é y 4 2 4 2 s 4 4 
vaauposs 2 I Oo a oo oe 
-~ “4 m +t ™ ~ + Sa Tv 


+ “ + + ry + 


suaipos6 
J9INPS U0 4O juaw 
sSM[po Ay04I04 404 
S$idpawo!juajod wis 


YOpiMs 
40jI9/05 
asOyd soig 


$1N9419 Buiuoiisod aury 


41N9419 Buiuoisisod ybnoy 


uolpISOd-uo yBnoy 


waysks Buiuoiisod aul oy 

PassdpSUDs, S! j044U0D PUD ‘pauinbas ;! 
Buiuoissod ybnos sayajdwood uayy waysks 
P2AQWII YIOMJI9U UOI,OdIDI4UD pu 
pabobua si yo4nj> paads-moj awiy Siyy sy 
Paso)? Adjas UOI4ISOd-uo puUd Uado a0 

SADjas BS49AIs PUD PsOMs04 Jw, 4S51j 


+ + + 


YIJIMS JOjDa/aS 
asoyd soig 


SAD\as sayaw 
Bbuiyow 4204,u09 


1 : WJOMJaU 


r—oO 














J9diM 4949WOIjUajOG 


| MN Ana aaa aaaaaaa's 
50Q auiy20W UO Bus sajsaworjuajsog 4 oi —_— 
Aiddns samod ¢ 


bap OO! 
a ry 
(5uiy2ay9) 


$490,u09 puc 


> 
> 
> 
v 
= 
+ 


Ajddns samod pud spiouajos Buiyouado y 








A{__PART # 
f DEGREES 
MINUTES 
SECONDS 
0 0/0 0|0 0 ojo 














{ 


5/5 @5/5 5 

61@6 616 @ 

717 7@/@7 
8\@\si@s 8\8 8 @/@s 





9/9/9}9 9919 9 919 9 
1 r2]}r3iivelys) 16 17118 19 20121 





FIG. 31.2 Remington-Rand 
programming card 


transformer output against this programmed voltage 
(or bias) permits the table to be positioned to any 
angular second of arc. 


An overall system 


Figure 31.4 shows the angular-positioning portion of 
the six-spindle boring machine programming system. 
Multistage decade selector switches are used to store 
card information and set up internal conditions. All of 
the stages shown on any once horizontal line belong to 
the same selector switch. 

The selector switches are positioned by solenoids in 
accordance with the information read from the cards by 
the card contacts. The same information (supposedly) 
is read by the checking-card contacts. If the two sets 
of information match, the readback interlock relay 
closes and positioning can begin. The 100-deg, 10-deg, 


FIG. 31.3. Schematic vernier differential-transformer system 
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1-deg and 10-min selector switches set up a resistance 
ratio which is opposed in a bridge circuit by the 360<deg 
table potentiometer. The unbalance signal from this 
bridge network is amplified in a de amplifier and drives 
the coils of two contact-making meter relays. One of 
the contact-making meters is a two-contact polarity- 
sensitive unit which energizes either a forward or tre- 
verse relay, depending on which way the table should 
travel to null. The other contact-making meter is open 
for either polarity error, and only closes when the null 
point is reached. In actual operation, an anticipation 
signal is added (false null) during initial positioning, 
and the table travels at top speed (high motor speed, 
high clutched-in gear ratio) until the first time the 
rough on-position relay closes. At this time the antici 
pation network is cut out, the low-speed clutch is 
engaged, and the system completes rough positioning 
if necessary. Control then switches to the fine-position 
ing system. 

he fifth stage of the 10-min selector switch, and the 
fifth through tenth stages of the 1-min selector switch 
specify the active differential-transformer structure (o1 
the vernier-obtained 4-min band within which the 
system is to be positioned) by means of stage coding 

rhe next problem is to select the bias magniture (a 
voltage representing the misalignment of an armature 
slug and the transformer structure, required to resolve 
the 4-min overall interval into l-sec increments) and 
the direction of the bias. The sixth stage on the 10-min 
selector switch and the 11th stage on the 1-min selector 
switch select bias phase (or direction) by either ener- 
gizing or deenergizing the bias-phase relay. Contacts 
on this relay in the bias-phase-selection circuit deter- 
mine the phase of the bias signal as it is applied to the 
ac fine-positioning amplifier. The magnitude of the 
bias voltage is determined by the resistance network 
set up by the fourth and fifth stages of the 10-sec and 
l-sec selector switches. The bias signal (of correct 
magnitude and phase) and the output of the series- 
opposed output coils on the specified differential trans- 
former are applied to the ac fine-positioning amplifier 
through a summing network. The output of this 
amplifier goes to contact-making meter circuitry, 
is very similar to the rough-positioning circuitry 
final position is attained, the table is clamped 
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Electrochemical methods 
for PROCESS-STREAM analysis 
and control 


Versatile electrochemical and titrimetric analysis methods are common in the 
laboratory, but have not yet been employed extensively on continuous processes 
in the plant. The main reason for this is not inherent drawbacks in the methods 
themselves, but rather the limited understanding of their capabilities, limited expe- 
rience in their application, and lack of commercially available instruments. 

These methods deserve much more attention than they have received (the large- 
scale application of electrochemical methods to continuous-process monitoring and 
control seems to be only a matter of desire and development). This article has 
been written to draw attention to electroanalytical techniques and thus spur their 


use in continuous process control. 


T. C. WHERRY, Phillips Petroleum Co., and 
D. D. DeFORD, Northwestern University 


All electrochemical methods, with the exception 
of conductometry, depend on the relationship be- 
tween current and voltage at an indicating or “work- 
ing” electrode. Just as absorption spectra form the 
basis for developing a spectrophotometric method, 
so current-voltage curves (polarograms) form the 
basis for electroanalytical methods. 


POLAROGRAPHY PRINCIPLES 


Phe polarographic method, versatile and sensitive, 
is able to analyze inorganic metal ions as well as 
such organic materials as aldehydes, ketones, acids, 
esters, halogen compounds, nitro compounds, sulfur 
compounds, and peroxides. (Even when the com 
pound to be determined is not itself electroactive, 
indirect polarographic procedures for its determina 
tion can sometimes be devised.) In practice, the 
concentration of the substance is adjusted to the 
range of 10-4 to 10-* M; special techniques extend 
this range to 10-* M or even lower. 

If a direct current is passed between two elec- 
trodes immersed in an electrolyte solution, an elec 
trochemical reaction occurs at each electrode: 

> oxidation takes place at the anode 

> reduction takes place at the cathode 
The current that flows at any given applied potential 
depends, in particular, on the nature of the elec 
trodes and the nature and concentration of the com- 
ponents in the solution. In practice, one electrode 
is nonpolarizable and of low resistance. It is a 
reference electrode, with a potential known and con- 
stant irrespective of current magnitude or direction 
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Current-voltage curves of 
oxygen in sodium perchlorate 
solution 
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at the electrode. A saturated calomel electrode, 
SCE, is one of the most common reference elec 
trodes. ‘The other is the indicator electrode, whos« 
potential-current characteristics depend on the na 
ture and concentration of the electroactive species 

\ plot of current as a function of applied poten 
tial is called a current-voltage curve or polarogram 
Typical curves in Figure 1 were obtained with 
aqueous sodium perchlorate solutions 
varying amounts of dissolved oxygen 

*curve A corresponds to a solution saturated wit! 
(oxygen in) air at atmospheric pressure 

ecurve B to a solution containing exactly onc 
tenth as much oxygen 

*curve C to an oxygen-free solution 
The electrodes used were a saturated calomel ref 
erence and an indicator of rotating platinum wire 
approximately 4 mm long and 0.5 mm in diam 
According to usual polarographic convention, cath 


ontaining 
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odic current at the indicator electrode (i.e., cur- 
rent flowing when reduction is occurring at the 
indicator electrode) is plotted above the origin 
and anodic current (i.e., current flowing when oxida- 
tion is occurring at the indicator electrode) is 
plotted below the origin. Applied potentials for 
which the indicator electrode is negative with re- 
spect to the saturated calomel electrode are plotted 
to the right of the origin and potentials for which 
it is positive to the left. 

It may be seen in Figure 1 that the current pass- 
ing through the electrolysis cell is essentially zero 
for all applied potentials between plus 0.9 and minus 
0.1 volt. No current flows because there is no 
molecule or ion in the solution which can be either 
oxidized or reduced within this potential range. In 
this range the indicating electrode is polarized; that 
is, the current is substantially independent of the 
applied voltage. But when the indicator-electrode 
potential is made more positive than plus 0.9 volt, 
the solvent (water) oxidizes, and anodic currents 
are observed at the indicator electrode. When the 
indicator electrode is made more negative than 
minus 0.1 volt, reduction of oxygen becomes pos- 
sible and cathodic currents are observed at the indi- 
cator electrode. 

At an applied potential of minus 0.2 volt, the 
rate of the electrochemical reduction is slow. Only 
a small fraction of the oxygen molecules which reach 
the electrode is reduced; hence the currents are 
small. As the electrode potential is made more 
negative the electrochemical reaction rate becomes 
faster and the current increases rapidly. When the 
applied potential has reached minus 0.7 volt every 
oxygen molecule which reaches the electrode surface 
is immediately reduced and the electrochemical re- 
action rate becomes almost instantaneous. At this 
level the current is limited entirely by the rate at 
which oxygen molecules can diffuse from the solu- 
tion body up to the electrode surface, and any fur- 
ther increase in the potential cannot cause the cur- 
rent to increase. For this reason the current pla- 
teau between minus 0.7 and minus 1.0 volt is called 
a diffusion current. 

If all other factors remain constant, the rate at 
which oxygen molecules diffuse to the electrode 
surface (hence the magnitude of the diffusion cur- 
rent) is directly proportional to the solution’s oxy- 
gen concentration. This proportionality forms the 
basis of quantitative polarography. If the applied 
potential is made more negative than minus 1.0 
volt, reduction of the solvent becomes possible. 

The diffusion-current magnitude depends not only 
on the concentration of the electroactive species, 
but on such factors as electrode size and shape, the 
diffusion coefficient of the electroactive species, and 
the hydrodynamic conditions prevailing in the solu- 
tion. Normally, if all other factors remain constant, 
the diffusion current is directly proportional to the 
electrode area. The diffusion coefficient of any 
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given solute is governed by the temperature and 
by the solution composition and viscosity; and the 
diffusion current, which depends upon it, is gov- 
erned by the type of diffusion process involved (for 
example, square root of coefficient for spherical dif- 
fusion, and the first power of coefficient for finite 
plane diffusion). Since the temperature coefficient 
of diffusion coefficients is about 5 percent per deg 
C, diffusion currents usually increase by 2 to 5 per- 
cent per deg C, depending upon the specific sub- 
stance and the type of diffusion involved. 

The nature and the thickness of the diffusion 
layer, hence the diffusion current, depends upon the 
flow solution in the neighborhood of the electrode. 
In general, more rapid stirring or higher flow rates 
produce larger diffusion currents. 

Although a stationary electrode in a stirred solu- 
tion yields reproducible hydrodynamic conditions 
and diffusion currents, they are more easily achieved 
by electrode rotation or vibration. Many different 
indicating electrodes are used in polarographic work. 
One popular type consists of a short length of wire, 
usually platinum, which is rotated or vibrated 
a constant speed. A solid electrode cannot be used 
in a continuous analysis if the electrochemical reac- 
tion is one in which a solid is plated on its surface— 
plating changes electrode size and hence diffusion 
current magnitude, with time. 

The active portion of a dropping mercury elec- 
trode is the drops of mercury which periodically 
form, grow, and fall from the tip of a fine-bore capil- 


lary at a constant rate of about one drop every 4 
sec. ‘This electrode is normally used in relatively 
quiet (unstirred) solutions, and has performed well 


in the laboratory. The growth and fall of the drops 
provide reproducible diffusion currents. The drop- 
ping mercury electrode may be used with flowing 
solutions provided flow rates are kept relatively small 
and care is taken to prevent turbulence. 

The dropping electrode is constantly renewed 
during use, making it more versatile for continuous 
analysis than a solid electrode. The high hydrogen 
overvoltage of mercury permits the dropping mer- 
cury electrode to be used at potentials up to about 
minus 2.0 volts with respect to the SCE before 
reduction of water is encountered, while platinum, 
with a very low hydrogen overvoltage, cannot be 
used at potentials beyond about minus 1.0 volt. 
The exact limit in both cases depends upon the 
composition and the pH of the solution being ana- 
lyzed. The mercury electrode cannot be used at 
positive potentials exceeding a few tenths of a volt, 
however, because of its anodic dissolution. 

The membrane electrode, which shows consider- 
able promise for continuous analysis, consists of a 
plane metallic electrode separated from the solution 
by a thin membrane through which the electroactive 
species must diffuse to reach the electrode surface. 
When used in a stirred or flowing solution, the 
diffusion gradient exists entirely in the membrane 








Fig.2 Current-voltage curves for cadmium and lead. 
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itself. ‘The diffusion current is independent of the 
stirring rate, provided the stirring rate is sufficient 
to maintain the electroactive-species concentration 
at the membrane’s outside surface at the same value 
as in the solution’s main body. Fundamental de 


velopmental work with electrodes of this type is 
still in progress, but there is little doubt that they 
will prove to be very useful. 

When more than one electroactive species is pres 


ent in the sample solution, each species has its 
own characteristic oxidation or reduction potential. 
Curve A in Figure 2 shows the current-voltage curve 
of 0.001 M lead ion and 0.001 M cadmium ion in 
oxygen-free 1.0 M potassium chloride solution. The 
potential at which an electrochemical reaction occurs 
is normally expressed as the half-wave potential— 
the potential at which the current is equal to one 
half of the diffusion current. In Curve A of Figure 
2 the half-wave potential of lead is minus 0.44 volt 
and cadmium minus 0.64 volt. The reductions of 
the two ions occur at potentials sufficiently sepa- 
rated so that identification of each electroactive 
species is possible. Lead concentration may be de- 
termined by a measurement of the ion diffusion 
current at about minus 0.54 volt, while cadmium 
concentration may be determined at minus 0.75 volt 
less the current at minus 0.54 volt. 

The half-wave potential for an electrochemical 
oxidation or reduction depends upon electrolyte 
composition. The presence of complexing agents 
in particular has a pronounced influence on the half- 
wave potentials of inorganic ions. Curve B of 
Figure 2 shows the current-voltage curve for the 
reduction of lead and cadmium ions in 10 M 
potassium cyanide solution. Here, the half-wave 
potential is minus 0.72 volt for lead and minus 1.18 
volt for cadmium. Both half-wave potentials are 
very different from those obtained in potassium 
chloride solution (Curve A), but the values of the 


diffusion currents are nearly the same, since the 
metal-ion concentrations have not been changed. 
(The small difference arises because the complexing 
agent changes the diffusion characteristic of the 
ions.) The half-wave potentials of organic mole- 
cules and ions usually depend upon the pH of the 
solution. By appropriate adjustment of the com- 
position and pH of the solution it is usually possible 
to separate the half-wave potentials of several elec 
troactive species in a sample so that the determina- 
tion of each is possible. 


AMPEROMETRIC ANALYSIS 


[he general procedure for applying polarography 
to continuous-process analysis is to impose a regu- 
lated voltage across the electrodes and then to 
measure the current. This is termed amperometric 
analysis. ‘The applied voltage is that which gives 
the diffusion current of the species of interest. The 
measured diffusion current is proportional to species 
concentration. The applied voltage is changed to 
a new value for each species to be measured. 

When the sample to be analyzed is a gas, it is 
frequently possible to employ a simplified type of 
polarographic cell. For example, Hersch has de 
scribed a cell for the determination of oxygen. It 
consists of a central lead rod which is surrounded 
by a thin film of porous polyvinylchloride saturated 
with 5 M potassium hydroxide solution. This solu 
tion is surrounded with a fine-silver-wire gauze. The 
lead and silver electrodes are connected directly to 
a microammeter (or recorder) for measurement of 
the electrolysis current. The oxygen in the gas sam 
ple diffuses through the thin film of concentrated 
potassium hydroxide solution, which wets the silver 
No external 
source of potential is required since the silver ele 
trode is automatically maintained at the lead elec 
trode’s potential (about minus 0.8 volt vs. the SCE) 
to which it is connected through the microammeter. 

A cell which requires no external source of poten 
tial is called an internal electrolysis cell. With 
the proper nonpolarizable reference electrode, th« 
indicating electrode can be operated at any value 

The electrolysis current is directly proportional 
to oxygen concentration in the gas stream provided 
no other reducible components are present and pro 
vided such other conditions as electrode size, flow 
rate and agitation, and temperature are properly 
adjusted and maintained at a constant value. Sensi 
tivities of the order of 5 microamp per ppm 
oxygen and response times of the order of 1 to 
min are possible with this cell. It may also 
used for the indirect determination of combustible 
gases such as hydrogen, carbon monoxide, ot 
methane in oxygen-free samples by adding a known 
concentration of oxygen to the samples and then 
measuring the residual (excess oxygen after the mix 
ture has been subjected to complete 


gauze and is reduced at the electrodes. 


ombustion 
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POTENTIOMETRIC ANALYSIS 
Ihe potential of a reversible oxidation-reduction 
couple is a function of the ratio of the concentra- 
tions of oxidized and reduced forms. ‘The relation- 
ship between potential and concentration is given 
by the Nernst equation: 
ze — RT ,, (Red 
nk (Ox 
where E is the potential, E’ is a constant (the 
standard potential), R is the gas constant, T is the 
absolute temperature, nm 1s tie number of electrons 
involved in the oxidation-reduction reaction, F' is 
the faraday, (Red) is the concentration of the re- 
duced form and (Ox) is the concentration of the 
oxidized form. For example, the potential of an 
inert electrode, such as platinum, dipping into a 
solution containing ferrous and ferric ions at room 
temperature, is given by: 
: : Fe 
Ee — 0.059 log, Pes 
In principle, it is possible, by measuring the poten 
tial, to determine the (Fe+?)/(Fe**) ratio, or to 
determine cither (Fe*+*) or (Fe**) if the other is 
known and constant and if the standard potential 
is known. However, several factors cause this 
method to be of very limited usefulness for the 
measurement of concentrations. In the example 
just cited, an error of only 1 mv in potential meas- 
urement would cause an error of about 4 percent 
in the determination of concentration. It is only 
in rare situations that potential measurements with 
a reliability of even plus or minus | my can be 
realized. Reasons include poisoning of the indi- 
cating electrode, changes in the value of the stand 


ard potential, changes in temperature, failure of the 





FIG. 3. Davis Instrument 
oxygen analyzer. 





system to reach equilibrium in a reasonable time, 
and the possible presence of other oxidation-reduc 
tion couples. 

While the potentiometric method is poorly suited 
to precision analysis it is useful for indicating the 
order of magnitude of concentrations, and in this 
application can be used over extremely wide ranges. 
The measurement and recording of pH (hydrogen 
ion concentration) is one such application. 

\n example of the use of the potentiometric 
method in continuous-process analysis is the Davis 
Emergency Equipment Co.’s oxygen analyzer, Fig- 
ure 3. A gas sample containing parts per million of 
oxvgen is bubbled into an ammonical solution of 
cuprous ammonium chloride. The oxygen reacts 


with the cuprous ions to form cupric ions: 


2 Cu(NH;)** 4 NH,OH + 1/2 0.— 


2 Cu(NH;)*** + 2 OH- + 3 H,0 
I'wo carbon electrodes are located in the liquid 
stream, one measuring (Cu*+)/(Cu**) before the 
reaction takes place, and the other electrode meas 
uring the same ratio after reaction occurs. The emf 


FIG. 4 

Basic ac Wheatstone 
bridge for making 
conductance measurements 











generated between the electrodes and measured by 
potentiometer is therefore a function of Os con 
centration. 


CONDUCTOMETRIC ANALYSIS 

Electrical conductance measurement of electrolyte 
solutions has been widely exploited as a means of 
analysis. Such measurements are aches made 
with an ac Wheatstone bridge, Figure 4. Here, 
R,, Re, and Rs: are variable resistances, C is a vari 
able capacitance, and R, is the cell with its two 
electrodes, usually platinized platinum, dipping into 
the solution to be examined. A sine wave alternat- 
ing voltage of 1,000 to 10,000 cps at about 10 volts 
is applied to terminals A and D. A null detector 
is connected across B and E. When the bridge is 
nulled, the dial readings indicate the resistance, or 
conductance, due to the total ions present in the 
solution. 

Under the conditions above, the impedance of 
R, can be made completely resistive. ‘That is, the 





double-layer capacity at each electrode can be made 
large so that its reactance at these frequencies be- 
comes negligible compared to the solution resistance 
between electrodes. Then, as a rule, electrochemi- 
cal reactions will not occur at the electrodes—the 
voltage does not become large enough. Hence, the 
current is limited not by the diffusion of electro 
active species but by the total resistance of the solu- 
tion, which is a function of all ions present. 

Although limited to electrolytes, the method is 
capable of high precision. Accuracies of plus or 
minus 0.1 percent are readily achieved, and by dif- 
ferential measurements and thermistor temperature 
compensation this limit may be reduced to about 
plus or minus 0.03 percent. ‘The method is insensi- 
tive to variations in flow rate, and long-term stability 
is excellent. In some cases it is possible to deter- 
mine nonconducting species by some type of indi- 
rect method. For example, nonconducting organic 
chlorine compounds in steam condensates have been 
determined by sample vaporization and thermal 
pyrolysis, which convert the organic chloride to 
hydrochloric acid. Conductance measurements on 
the condensate from the pyrolysis unit follow. 

The most serious drawback to the conductometric 
method is its lack of specificity. Since all of the 
ions in solution contribute to the conductance, the 
method can be employed in its simple form only 
for solutions containing a single electrolyte or for 
solutions in which the concentrations of all electro 
lytes save the one to be determined remain constant. 
By measuring the conductance of a sample solution 
before and after the addition of suitable reagents, 
a high degree of selectivity is possible. 

\n example of a continuous process analyzer util 
izing conductivity is the A. O. Beckman dissolved 
oxygen analyzer. ‘This analyzer measures parts per 
billion of dissolved oxygen in a liquid stream by 
a differential conductivity measurement. Conduc 
tivity is measured before and after the addition of 
gaseous nitric oxide, which reacts with the oxygen 
to form nitrous acid, thus increasing conductivity. 
The difference in conductivity is a measure of the 
dissolved oxygen. . 

\ recent development in conductometric analysis 
is the use of high-frequency alternating voltages of 
megacycles per second. The sample cell is placed in 
the tank circuit of an oscillator, and changes in 
solution composition produce changes in the fre- 
quency or in the grid, plate, or cathode currents 
and voltages. This method, though nonspecific, has 
this advantage: the electrodes need not be in the 
solution but may be on the outside of the cell. 


PITRIMETRIC ANALYSIS 


\ titrimetric analysis measures the amount of 
reagent required to cause a quantitative conversion 
of some constituent in the sample to a different 
compound. Although titrimetry is one of the oldest 


and most highly developed methods of laboratory 
analysis, this technique has so far been used very 
little in continuous process analysis. ‘he apparatus 
necessary for a continuous titrimetric analysis con 
sists of a metering device for adding sample to a 
reaction vessel at a constant rate, a pump fol de 
livering the reagent to the reaction vessel, some type 
of sensing system in the reaction vessel to indicate 
whether sufficient reagent has been added, and som«¢ 


—. 


ce 


tvpe of control mechanism, which operates from 
the output of the sensing system to adjust the rate 
of reagent delivery to that value just sufficient to 
react quantitatively with the sample If the rate 
of sample delivery and the reagent concentration 
are maintained constant, the delivery rate of the 
reagent (titrant) is then directly proportional to 
the concentration of the solution components being 
titrated. Figure 5 shows the Titromatic Analyser 
developed in England by Electronic Instruments 
Ltd. and Imperial Chemical Industries, 
distributed in the U. S. by the Instrumei 
Robertshaw-Fulton Controls Co. 

Ihe versatile titrimetric method 
advantages which make it attractive 
analysis. Probably more compounds 
and inorganic, can be determined by 
than by any other. By proper sel 
and reaction conditions, the method 
highly specific, thus permitting the 
of individual components or single De 
pounds in complex mixtures. ‘Titrin 
used over wide concentration ranges 
conditions accuracies of plus or min 
percent can be readily achieved If tl 
delivery lines are kept short, the 
titrimetric instrument to changes i1 Cl 
is very rapid. ‘The most serious drawbacks 
method are the necessity for preparing and 
the relatively large volumes of standar 
of the reagent and the difficulties encounte 
the controlled-volume pumps delivering th 
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and reagent. But these drawbacks are no more 
serious than those encountered in many other meth- 
ods which now enjoy much greater popularity. 
The heart of any titrimetric analyzer is the indi- 
cation or sensing system which monitors the sample- 
reagent mixture and controls the rate of reagent 
delivery to maintain this mixture at equivalence. 
Photometric, conductometric, and thermometric 
techniques may be used to instrument this system, 
but they are not as good for continuous analysis as 
the electrochemical methods of potentiometry and 
amperometry. In any case, the optimum method 
for end-point detection can be readily deduced from 
the current-voltage curves for each titration system. 


COULOMETRIC ANALYSIS 


An amperometric analysis method becomes a 
coulometric method if conditions are adjusted so 
that the electroactive species are quantitatively oxi- 
dized or reduced during the measurement process. 
A coulometric analysis may be defined as the process 
of measuring the quantity of electricity (coulombs) 
required to quantitatively transform the substance 
to be determined into some new substance by elec- 
trochemical reaction. ‘The electrochemical reaction 
must proceed with 100-percent current efficiency. 
The quantity of electricity required is directly pro- 
portional to the quantity of substance present in 
the sample, that is, to the concentration-sample 
volume product: 


Q=FVC 
where O is coulombs, F is the faraday (96,500 
coulombs per equivalent), C is the concentration 
in equivalents per liter, and V is the sample volume 
in liters. For a continuous process this becomes: 
Q _ Fve 


; ori = FvC 


where i is the current in amperes (coulombs per 
sec) and v is rate of sample flow (liters per second) 


into the analysis apparatus. Hence, if the sample 
flow rate is maintained constant and the electro- 
chemical reaction is quantitative, the electrolysis 
current is directly proportional to the concentration 
of the substance being determined. 

So far as the authors know, the only reported 
continuous coulometric methods involving the direct 
oxidation or reduction of the desired constituent 
are those for the determination of oxygen and of 
water. If a long Hersch cell like the one described 
previously is placed in a pipe of internal diameter 
only slightly larger than the cell’s external diameter, 
and if the sample is passed through this pipe at a 
sufficiently small flow rate, all oxygen in the sample 
will diffuse to the silver electrode and be reduced 
as the sample passes through the narrow annular 
opening between the cell and the pipe. Since the 
quantity being measured is the number of coulombs 
per sec required to quantitatively reduce all oxygen 
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in the sample, the method is a coulometric analysis. 
The electrolysis current is directly proportional to 
the product of the concentration of oxygen times 
the flow rate, and is independent of factors such 
as temperature, electrode area, thickness of the solu- 
tion film on the electrode, turbulence, etc., which 
affect the rate at which oxygen diffuses to the elec- 
trode surface—provided, of course, that none of 
these factors changes to such an extent as to cause 
nonquantitative reduction of the oxygen. In the 
coulometric method, only the sample flow rate need 
be carefully controlled to make the current directly 
proportional to oxygen concentration. 


FIG. 6. Consolidated Electrodynamics Corp.'s 
moisture monitor, based on du Pont development, 
for continuous 1n plant moisture measurement of 
process streams. Range: 1 to 1,000 ppm 


The du Pont water analyzer is another example 
of an instrument which is coulometric in nature. 
Figure 6 shows one commercial version. ‘The cell 
of this analyzer contains two spirally-wound plati- 
num electrodes—covered with a film of partially 
hydrated phosphorous pentoxide—in a capillary tube. 
In passing through the tube, all water is absorbed 
and quantitatively converted to hydrogen and 
oxygen: 

Cathode reaction 4H,0 + 4e— — 2H, + 40H 

Anode reaction 2H,0— 0. + 4H+ + 4e— 

Overall reaction 2H,0—~ 2H. + 0: 
These relationships show that 4 faradays, or 4) 
96,500 coulombs of electricity, are required for con- 
verting two gram moles of water to hydrogen and 
oxygen. For a sample flow rate of 100 ml per min, 
this corresponds to a sensitivity of 13.2 microamp 
per ppm of water in the gas sample. 

There is no reason why many other determina- 
tions cannot be made in a similar manner. It should 
be possible, for example, to determine lead and 
cadmium in a cyanide medium. If a sample con- 
taining these two metal ions were passed through 
a suitable cell in which the cathode was maintained 
at about minus 0.95 volt vs. SCE, lead ion would 
be deposited as rapidly as it reached the cathode 
(see the current-voltage curve in Figure 2). If the 
cell design were such that all lead in the sample 





solution could reach the electrode during passage 
through the cell, reduction would be quantitative. 
If the sample flow rate were maintained constant, 
the electrolysis current would be proportional to 
the concentration of lead in the sample. And if 
the effluent from this cell were passed through a 
similar cell in which the cathode was maintained 
at about minus 1.5 volts, cadmium could be deter- 
mined from the electrolysis current in this cell. 
(Obviously, cadmium alone could not be deter- 
mined without prior removal of the lead, since lead 
and cadmium are simultaneously reduced at minus 
1.4 volts; the electrolysis current in this case would 
give the sum of cadmium and lead.) In principle 
most of the systems which accommodate the polaro- 
graphic method are amenable also to analysis by the 
coulometric method, although it is difficult to design 
an electrolysis cell for quantitative electrolysis, par- 
ticularly if a fast response to changes in concentra- 
tion is desired. 

This design difficulty can be considerably reduced 
in many cases by an indirect method. Consider 
the problem of determining ferrous ion in a sample 
If the coulometric method were employed, it would 
be necessary to control the working electrode’s 
potential so that the ferrous ion striking the elec 
trode would be oxidized to the ferric state. The 
potential selected would have to be one at which 
no other sample component would undergo an 
electrochemical reaction. And it would be neces 
sary to operate the cell so that all of the ferrous 
ions would reach the electrode and be oxidized. 

If a large excess of cerous ion (which does not 
react with ferrous ion) were added to the sample 
and if a current in excess of the diffusion ion current 
of the ferrous ion were passed through the cell, both 
the ferrous and cerous ions would be oxidized at 
the working electrode. The oxidation product of 
cerous 10n, ceric ion, reacts rapidly and quantita 
tively with ferrous ion, oxidizing it to the ferric 
state. These reactions are symbolized: 

= “i. teactions occurring at 


the electrode surface 
et4 + Fet? +» Cet? + F; Reaction occurring in 
the body of 


2.43. Fet—i 


- 0. 


3 


the solution 


é 


~ 


Since the sum of reactions 2 and 3 equals the desired 
electrochemical reaction, no error is introduced by 
adding the cerous ion to the sample. ‘The interme- 
diate cerium oxidation-reduction system permits the 
ferrous ion to be quantitatively oxidized away from 
the electrode surface. ‘This opens the way to sim- 
pler cell designs and faster response times. 

This kind of secondary coulometric process differs 
only slightly from a conventional titration employ- 
ing standard solutions of reagents. In the latter 
the reagent is generated in situ by an electrochemi- 
cal process instead of being prepared as a standard 
solution, and the measurement involved is that of 
the quantity of electricity per unit time instead of 


the volume of standard reagent per unit time. A 
coulometric titration method, like any other titra- 
tion method, requires some suitable end-point sens- 
ing system which, through an appropriate control 
device, maintains the electrolysis current at such a 
value that no ferrous ion remains unoxidized and 
no excess ceric ion is generated. 

By means of the coulometric titration method, it 
is frequently possible to determine substances which 
are themselves not electroactive and which cannot 
be determined by direct coulometry. For example, 
it is possible to determine hydrogen sulfide coulo 
metrically by using electrolytically generated bro 
mine. A continuous analysis instrument, called the 
Titrilog, which is specifically designed for this and 
other similar determinations, is manufactured by 
Consolidated Electrodynamics Corp 


Fig. 7. Essential features of Titrilog Analyzer 
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features of this instrument are 
shown in Figure 7. ‘The amplifier’s output current 
is utilized as the electrolysis current. Bromine is 
generated in the inner compartment of the titration 
cell, while hydrogen is generated in the outer com 
partment and is washed to exhaust. ‘The bromine 
produces a voltage across the two sensor electrodes 
which changes in magnitude and polarity depending 
on bromine concentration. A fixed reference volt 
age opposes the sensor voltage, and thei 
causes the amplifier output to change. When a 
reactive gas, such as hydrogen sulfide, is admitted 
to the cell, the bromine concentration decreases 
causing a drop in sensor voltage. ‘The 
input voltage then increases and the 
sponds to increase the rate of bromine generati 

Equilibrium is reached when the new rate satisfie 
the demands of the reaction, and maintains the 
desired residual bromine concentration correspond 
ing to the set-reference voltage. When the sample 
flow rate is maintained constant, the generation 
current is directly proportional to the concentrati 

of the reactive component in the mple stream 
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HONEYWELL 


The Visicorder has charted the orbit of Sputnik | 


A Model 906 Honeywell Visicorder Oscillo- 
graph wrote this record of the signals from 
Sputnik I for the Department of Electrical Engi- 
neering at the University of Illinois at Urbana. 
The marginal notes are those of Edgar Hayden, 
the research associate who took the record. 
Interferometer-type antenna systems (2 dipole 
elements 4g wave length above ground spaced sev- 


eral wavelengths along a north-south baseline) 


received the two signals for communications- 
type radio receivers. The beat oscillators gen- 
erated audio output signals, a semi-conductor 
bridge curcuit rectified them, and the d-c output, 
filtered by an R-C network with a time constant 
of about .003 seconds, was used to drive the 
Visicorder galvanometers directly. 

The Visicorder, teamed with the interferome- 
ter antenna, quickly established a record of the 
orbit of Sputnik I. 





is a record of Sputnik ! 

















Honeywell 
TH) Heilaud Division 


The HONEYWELL VISICORDER is the first high- 
frequency, high-sensitivity direct recording oscil- 
lograph. In laboratories and in the field every- 
where, instantly-readable Visicorder records are 
pointing the way to new advances in product 
design, rocketry, computing, control, nucleonics 

.in any field where high speed variables are 
under study. 

To record high frequency variables—and mon- 
itor them as they are recorded—use the Visi- 
corder Oscillograph. Call your nearest Minne- 
apolis Honeywell Industrial Sales Office for a 
demonstration. 

Reference Data: Write for Visicorder Bulletin 
Minneapolis Honeywell Regulator Co., 
Industrial Products Group, Heiland Division 
5200 E. Evans Ave., Denver 22, Colo. 
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CONTROL is first! Now-—one step 
static control with switching reactors 


No wonder Nikita looks worried. CONTROL has taken the 
strain off American industry’s pocketbook by cutting the 
cost of static control. 


American engineers who want to make free use of power 
switching guided by digital logic can now take over, be- 
cause CONTROL’s standard line of switching reactors give 
freedom of design and economy never before available. 


First, one-step static control with switching reactors is so 
easy to operate it can be put to work in everyday sequenc- 
ing and switching problems involving either a-c or d-c 
loads. Auxiliary equipment is eliminated by the basketful. 
Gone are all the preamplifiers, special power supplies, 
information-sorting single purpose logic units, and power 
switching relays. CONTROL’s one-step switching reactor 
does most of the job by itself. 


Second, these units, in four nominal volt-ampere ratings 
of 15, 75, 150 and 300, have no relay contacts or moving 
parts to replace. Switching is by impedance change. Install 
them and forget them—no wear, no maintenance. 

Third, each ConTROL reactor performs all logic functions 
—AND, OR, NOT, MEMORY and TIME DELAY—through its multi- 
purpose control coils. Signal source is derived typically 
from limit switches, push buttons, or photo-cells. 

Fourth, each unit has a 10,000:1 switching ratio under 
nominal supply voltage conditions. High inrush currents 
are handled without difficulty. 

To learn how Controv reactors work, and how they'll 
fit your need for completely dependable, low-cost, ver- 
satile static control, write—and see why Nikita looks wor- 
ried. CONTROL, Dept. CE-46, Butler, Pa. U.S. A. 


Reliability begins with CONTROL, 


*Expurgated translation. Heavens-to-Betsy! A DIVISION. OF MAGNETICS, INC. 


124 CONTROL ENGINEERING 





Burning Control 


M. C. SUTTON 
LEWIS A. PARSONS 
Calaveras Cement Co. 


In the last few years cement kilns 
have used combustion control based 
on continuous analysis of the gases 
leaving the kiln for oxygen and com- 
bustibles. The oxygen recorder-con- 
troller varies draft-fan speed to con- 
trol the amount of secondary air 
entering the kiln, and thereby main- 
tains a constant oxygen (and excess 
air) content in the exit gases. Some 
kilns have used ratio control between 
the fuel setting and the fan speed to 
maintain the excess-air ratio constant 
even when fuel setting is changed. 

It is more difficult to control the 
heat transferred to the “mix”, a 
finely divided and properly propor- 
tioned mixture of calcareous (lime- 
stone) and argillaceous (shale or clay) 
materials. The kiln operator—the 
“burner” in cement parlance—nor- 
mally has no way of knowing how 
this is progressing until he is able to 
see the material from the firing end 
of the kiln, usually a distance of 50 
to 60 ft. Until recently he has had 
to rely on the exit gas temperature. 
But for some kilns exit temperatures 
must be as high as 900 deg F, greater 
than that necessary to evaporate the 
water in the slurrv at the feed end. 
Furthermore, they simply indicate that 
enough heat transfer is taking place in 
the center of the kiln 

\ thermocouple placed near the 
center of the kiln, first to record the 
temperature of the mix to guide the 
burner, and later, after proper stand- 
ards are established, to control the 
fuel automatically to maintain the 
optimum temperature, could give far 
better control. But thermocouples 
that project through the brick fluc 
tuate in temperature between that of 
the gas and the mix, and the results 
are thus erratic. Also, the temperature 
rises as the brick erodes. 

To express this in greater detail, 
“E” kiln is 360 ft long and 11.25 ft 
in diameter, with a diameter of 10.25 
ft inside of the bricking. The kiln 
rotates at approximately 14 rpm and 
has a slope of ys in. per ft, which 
material residence time of 
Natural 


gives a 
about 2 hours in the kiln. 


gas is used as fuel. The mix has a 
calculated depth of from 11 to 15 in. 
in the bottom of the kiln, and makes 
contact with 68 to 80 deg of the 
circumference. A thermocouple pro 
truding through the brick would be in 
contact with the material less than a 
quarter of the time and in contact 
with combustion gases at a much 
greater temperature the rest of the 
time. 

In a kiln study begun seven years 
ago, and still in progress, material has 
been drawn from a kiln through ports 
in the shell, into an insulated con- 
tainer with a thermocouple in the 
bottom. It was decided to attach such 
a well to the kiln so that it would fill 
at the lower part of the rotation and 
empty at the upper part. These wells 
are formed by casting Chromastic 
compound inside of a 10-in. pipe. 
Various types of wells were tried. 

The inclined well, Figure 1A, wa 
designed to retain the material load 
in contact with the thermocouple as 
long as possible. 

Ihe second type, Figure 1B, was 
installed in a position normal to the 
kiln shell and was made shallower 
This obtained satisfactory mix tem 
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peratures as long as it emptied freel 
but it had a tendency to plug 
The third type, Figure 1C, installed 
still later, has been working satisfac- 
torily in all respects for about a year. 
When these experiments began it 
was thought necessary to immerse the 


thermocouplk material con 


tinuously; si ree wells were used 


n olid 
ill il 


Later one vc wa found to x 
enough. It is located about 170 ft 
Chromel- 
stainle 
steel protector records average temper- 
atures of 1,40 I 
[he thermocouple is connected to 


} 


two phosphor bronze lecting rings 


from the firing end and 
Alumel thermocouple with a 


(see Figure 2) mounte round the 
kiln on insulating blocks, with springs 
to compensate for erma pansion 
The thermoc ouple signal goes to a 
temperature record which 
controls the fuel € uintain 
constant material ten ire at the 
thermocoupk I ift in the opti 
mum temperature at ntrol point 
causes an imn te respon in tl 
fuel flow, a 
tional chang« 
gains in burnin 
ire being real 


FIG, 2. Thermocouple well and collect 








Some of Ford Instrument’s current 
or recent programs include: 
Inertial guidance systems... 

including Redstone and Jupiter 


Missile launching and control order 
computers 


Navigational and mission control 
systems and computers 


Analog and digital computer systems 


Fuzing, arming and other warhead 
control equipment 


Plotting equipment 
Nuclear systems and controls 
Gunfire controls 


Drone controls 
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Ford Instrument Co. Engineer checks air-bearing gyro for angular drift on equatorial test 


stand. Test can show up drift rates as low as one revolution in 40 years. Tests like this... 


helped Army put “Explorer” into orbit 


A special guidance system for the Jupi- 
ter C, developed by the Army Ballistic 
Missile Agency, was used to launch the 
first U. S. artificial satellite into space. 

Many components of this system were 
provided by Ford Instrument Co., prime 
contractor for both the “standard” VU. S. 
Army Redstone and Jupiter guidance 
systems. 

The fabulously-equipped, fantasti- 
cally-clean gyro lab (above) is only a 
small part of the advanced research and 


development facilities available at Ford 
Instrument Co. They're used to create 
and produce the incredibly accurate con- 
trol systems called for by modern tech- 
nology in both government and industry 

And Ford Instrument’s large-scale 
precision manufacturing facilities can 
turn even the most critical system re- 
quirements into working “hardware” on 
a quantity-production basis. Our Liaison 
Engineers are at your service to discuss 
your system requirements. e 
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FORD INSTRUMENT Co. 


DIVISION OF SPERRY RAND CORPORATION 


31-10 Thomson Avenue, Long Island City 1, New York 
Field Sales Offices: Beverly Hills, Calif.; Dayton, Ohio 





IDEAS AT 


ervos lest 
ervo Components 


ROBERT KELLY 
Kearfott Co., Inc. 


Military acceptance tests for syn 
chros take a mean time of nearly half 
an hour per synchro when conven 
tional manual testing procedures are 
used. Many thousands of synchros 
are produced each month, so the de 
velopment of automatic testing equip 
ment to reduce time and produce pel 
manent records is easilv justified. 

his tester is unique in that it pro 
duces a permanent, analog, punched 
card record directly from the positions 
Another use 
ful, if not particularly unique, idea is 
that only four servos measure and re 


of its measuring servos 


cord seven synchro parameters 

The measuring circuits for each of 
the seven parameters (angle error, 
open-circuit current and power, trans 
formation ratio and phase, and funda 
mental and rms null voltages) are at 
ranged to produce an electrical null 
A servomechanism automatically finds 
this null in each case, and simultane 
ously positions a punch with respect 
to a scale printed on the output card 
No direct indication is mad« 

\fter cach measurement is ¢ 
] 


pleted and the card is punched, 


operation sequencer makes the conn 


FIG. 3. M 
Custor 


FRICT. TORQUE 
GoTorR T&Exsr 


R'C’'V'R SYNCH. TIME 


U.S. NAVY, BUREAU OF ORDNANCE 


SERIAL NO. O/40 of 3CDX% 


MECH. INSPECTION 


SYNCHRO MK. ¢ ~ 20 ~<S¥MOD. 


FIG. 1. Synchro plugs into automatic tester 
as shown, and cable 
Holder is changed for different size synchr 


tions programmed for the next test 
(he tester is sequenced by the com 
pletion of the previous test, rather 
than by time, because null time for 
each servo is variable and = delays 
would result if each step were long 
enough to include the longest 

As stated above, the output card is 
the only indication of test results. ‘The 
meter seen in the photograph of 
igure 1 is used by the operator only 
to null the electrical zero after plug- 
ging in the svnchro and before starting 
the automatic test cvcle 

(here are three card punches, at 
The card 
of Figure 3 is inserted in the machine 
it the top, as shown in Figure 1. After 
the electrical zero is set and servo ] 
positions punch | to zero error, the 
start button is pressed. Punch | then 
records a zero angle error at electrical 
ZCTO \t the same time punch 2 is 
positioned on the scale marked “A” 
ind records the value of open-circuit 


ranged as shown in Figure 2. 


rotor current (stator open), and punch 
3 records the open-circuit power on 
the scale “W” Both recordings ar 
percentages of maximum values 
Angle error is measured (in minute 
of arc) by the proportional-voltag« 
nulling method, which compares th¢ 
i] 


rotor’s mech inc ind clectric 1 posi 


tions Ihe electrical position is from 


MFG'RS. COPY 


ittached to its terminal 


FIG. 2 
permanen 


ird in 


two 10.000-ohm 


ohm nonindu 


vider connected 


output termina 
the synchro 
reference 1S a 
in index plat 
of the svnchi 
15 se of ar 
Wiper of the 
Vhus, if an 
inten 


at 
th ind \ plat 
to move pun h 
indication. ‘Th 
fers the fixes 


criving 


tator of 
signal 
contains a 
which is conn 
lelta ref 
unit under 
transmitter 1 
by removing 
in th 
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679301 
- 679307 
679311 
679321 


679333 
679342 
679351 
679363 


216701 
236000 
242131 
247960 
251193 
251207 
253376 
254109 - 


TEST RESULTS AVAILABLE IMMEDIATELY 


with the RW-300 


Wind Tunnels 

Engine Test Stands 
Environmental Test Facilities 
Structural Test Facilities 


Guidance and Contro/ 
System Test Laboratories 


Missile and Aircraft 
Check-Out Facilities 


Nuclear Reactor 
Instrumentation 


Data Reduction Centers 


DIGITAL CONTROL COMPUTER 


Now-—at the test site—all major data conversion and computation 
requirements can be met with the new RW-300 Digital Control Computer. 
This medium-size digital computer is unique in that it incorporates 
analog-digital conversion equipment matched to the computer. Thus, the 
RW-300 can directly monitor measuring instruments, perform complete 
calculations on the test data, and record the calculated results while 

the test is in progress. It can also be used as a general-purpose digital 
computer to perform scientific calculations while tests are not in progress. 
An RW-300 can free many test facilities from dependence upon 


computing centers remote from the test site. 


Equally important, the RW-300 has versatile control capabilities. With 
a test routine stored in its magnetic drum memory, the RW-300 can fully 
control the test facility, utilizing input data as feedback to modify the 
control actions. The test can be programmed to stop automatically if 
unsatisfactory or dangerous test conditions develop. 

If your organization has a problem in test control, data conversion, 
or computation, write to: Director of Marketing, The Ramo-Wooldridge 
Corporation, 5730 Arbor Vitae St., Los Angeles, California. 


The Ramo-Wooldridge Corporation 


S730 ARBOR VITAE STREET, LOS ANGELES 45, CALIFORNIA 


Digital techniques employod in the design of the RW-300 computer have a/so been utilized by R-W systems engineers in the 
development of special-purpose digital instr tation syst Building blocks availabie for use in such systems include 
voltage-to-digita/l converters, electronic commutators, digital data recorders, data-handling links, and special equipment such 
as the RTD-3103 Range Time Decoder. Additional information on digital instrumentation systems is available on request. 
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interval. At 30 deg from electrical 
zero punch 2 records the percentage 
error in transformation ratio ““T”’ from 
nominal, and punch 3 records the 
phase shift error “¢” in degress from 
nominal. At every 60 deg. punch 2 
records the rms null voltage, and 
punch 3 the fundamental null voltage, 
as percentage of maximum values. 
Punched cards like those produced 
by the svnchro tester are good perma- | Signal | a 
nent records. Actually, three cards are 
punched simultaneously. The accu- 
racv of the tester is shown by the card 
reproduced in Figure 3, which was 
passed through twice to test its re FIG. 4. Circui 
peatability. re t 
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Hydraulic Servos for 


Function Generation ? 


E. KENNELLY and R. KOPP 


Grumman Aircraft Engineering Corp. 
5 5 


FIG. 1 
nonlinear ¢ 
motion 
functi 


Early flight simulators for conven lor one problem in particular, it to the cam follower 
tional aircraft had three degrees of was seen that much computing equip thus proportional to function, 
freedom and used relatively little ana- ment could be saved by building a available on the potentiometer. These 
log computing equipment. A good generator for the 11 nonlinear func functions can be multiplied by other 
enough simulator for supersonic ait- tions of angle of attack which ap- variables simply by applving a voltage 
craft, however, needs five degrees of peared in the equations of motion. across the potentiometer proportional 
freedom because roll divergence prob Ihe design decided upon uses a to the variable 
lems become verv critical. ‘This means system of cams and cam followers to \ high-speed serve tem wa 
1 lot of analog equipment, and air- drive Bourns linear-motion poten needed to drive the large nonlinear 
plane development time schedules do tiometers. ‘The cam shapes represent load imposed bv th m ind a 


mci 


i 


not permit waiting out the delivery the functions plotted in polar coor hydraulic servo was considered the 
time. The decision at Grumman was dinates and scaled such that 1 deg best way to get sufficient driving 
to design and build some special com of angle of attack is equal to 10 deg torque with the large torque-to-inertia 
puting equipment. of rotation. A voltage proportional ratio. The servo had to have: 1) a 
response of one cycle per second at 
amplitudes of 30 to 40 deg with a 
maximum phase shift 2 
Vickers Bourns pots static nulling accurac 

aTelaetiite 2 Ake ee of plus or minus | 


motor 


FIG. 2. Schematic of function generator shows five linear and 15 nonlinear outputs 


slew speed of 500 

final design is show: £ 

No stabilizing networks were needed 
because of the large torque output 
and high torque-to-inerti io of the 
hydraulic motor. 

erator has an essent 

response to 5 cps. 


Return 


Much of the origir 
tion generator was 
of the Grumman Re 





only STABLVOLT* with 
Dual Magnetic R egulation 


offers all these features... 


® Ultra-fast transient regulation 


Static magnetic amplifier circuitry. No tubes, 
variacs or vibrator elements 


Maintenance free. No costly downtime 

Short circuit protected, without breakers or fuses 
Quiet operation 

Medern and distinctive cabinet design 


Competitively priced 


These new power supply units 
from the Stablvolt Division of 
Magnetic Research Corpora- 

tion carry the same high quality 

of workmanship and superior 

design that has always been 

attributed to our products... 

products you can depend upon to 
be the finest of their kind. 


Model DMR 28-5 
*Reg. Trade Mark Other Models Available 


STABLVOLT DIVISION 


of Magnetic Research Corporation 


200-202 Center Street, El Segundo, California EAstgate 2-2403 
You are cordially invited to visit our booth +3710 at the IRE Show 
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IDEAS AT WORK 


Better Controller Memory 


Temperature, deg F 


Improves Control 







of Difficult Processes FIG. 1. Water temperature rise following a 


+ ft 


hange in steam inj 



















PROBLEM: Modify 
(proportional-reset-rate) controller so that it will more pre- 
cisely and rapidly control a process in which the transporta- 


a commercially available three-mode 


tion lag (dead time) is nearly as long as the major transfer lag. 


SOLUTION: Add additional lags to the standard single lag of 
the controller reset loop. The closer matching of process 
dynamics by the dynamics of the modified reset loop provides 
a retarded reset action that accommodates a tighter gain 
(narrower proportional band). 










L. D. KLEISS 






















output has been, computes what por f D] 
Phillips Petroleum Co. tion of this output has had time to tion to th ( dynamic \ 
appear at the measuring element, and graphical anal f the process r 
Even with rate action, the perform generates a signal representing the sponse, in a range of normal operating 
ince of commercially available contro] ditterence, or unappeared portion of conditions, p1 the data on pt 
lers deteriorates when they are applied the output. A process simulation that ess dynamics 
to processes in which the response exactly duplicates, and so cancels, the \ controller th the required po 
dead time approaches the value of th negative feedback loop through the tive feedback th was modified for 
longest transfer lag actual process would be the optimum mproved control of lending pro 
Figure 1 shows the general shape memory unit. Figure 2 shows an elec ess with a lon id time. Figure 3 
of the uncontrolled transient response tronic analog of the optimum memor hows a ¢ ( ntr vstem fo 
of a process to a step change in the for the response plotted in Figure |] blending tw ponents ft duc 
manipulated variable (for instance, \ 1-min time delay is complicated 1 product with a desi fractive 
steam input Ihe response shown ind expensive for a plant application ndex. ‘The tem ha dc 
has a l-min dead time, a 5-min trans And an exact simulation is made dif time due to flow in mixing 
fer lag, and a 1]-min transfer lag. The ficult by varying flow rates, fouling lines and to the flushing t f th 
urve shows that a correction ipplied of heat exchange surfaces, and chang refractive index Rat t 
: by a controller does not immediatelh ing ambient conditions. For these not used be f it tivity ¢ 
. ippear at the measuring element. To reasons, the memory unit simplifies flow noise. W t t 
prevent the controller from over-cot to a circuit containing several adjust eset action f t t 
recting, if needs a memory circuit ible resistance ipacitance lags. The trol refracti t 
that remembers what the controller controller is “tuned in” by adjusting back path (s] 


FIG. 3. Standard pneumatic controller with improved memory lh 
section controls the refractive index of a blended product. 
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NEW RECTIFIER has control gate. 


Top drawing left shows a 4-size sketch and two schematic 

representations of a new silicon controlled rectifier, the ‘T'ype 

ZJ-39A. Combining some of the features of both a tran 

Cathode sistor and a rectifier, it consists of a p-n-p-n semiconductor 

with three rectifying junctions. A third lead, called the gate, 

is in ohmic contact with the center “‘p” region. Applying an 

appropriate signal to this third lead causes an avalanche break 

down of the center junction. After breakdown, voltage across 

the device drops to about 1.25 vde max so that current 
through it is determined primarily by the load it feeds 

The controlled rectifier operates somewhat like a_ gas 
thyratron. In both devices the conduction cycle is con- 
trolled by power applied to a third terminal, and both will 
continue to conduct until the anode voltage is either removed 
or reversed. In the thyratron, however, firing power is gen 
erally applied as positive grid-to-cathode voltage, whereas in 
the controlled rectifier this power is applied as positive gate 
to-cathode current. To maintain forward conduction, a mini- 
mum holding current of 10 ma is required. 

Some of the advantages of this new device over thyratrons 
are a very low forward voltage drop, faster firing and recovery 
times, higher efficiency, absence of a filament with its attend 
ant warm-up delay, and a better operating temperature 
range. As in other semiconductor devices, rated peak inverse 
voltage and specified load currents should not be exceeded. 
Since the new device does not include its own heat sink, it 
must be mounted on a generous-sized cooling fin for high 
Static switching circuit temperature operation. 

? \ few of its more obvious applications are the replacement 
of relays, thyratrons, power transistors, and conventional rec 
tifiers of all types in circuits designed for static switching, dc 
motor control, power regulation, dc-to-de conversion, etc. 

The circuit diagram for one such application is shown 
here. This circuit is designed to provide high-speed switch 
ing of power loads where a high duty cycle is involved. The 
control device indicated might consist of the contacts of a 
thermostat, pressure switch, or current relay. Signals from 
magnetic cores, transistors, or tubes can also be used to con 
trol sizable blocks of power. Resistor R is provided to limit 
gate current. The two diodes act to prevent any damage due 
to reverse gate current. 

Variations of this circuit might be used with conventional 
dc power supplies to provide both switching and rectification 
with the same device. With the contacts of a sensitive current 
relay in series with the gate current, such a circuit could 
interrupt fault currents in less than a half cycle-—General 
Electric Co., Syracuse, N. Y. 
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SERVOMOTOR weighs less than 1 oz. 


Small enough to pass through an engagement ring, this tiny 
servomotor measures only 4 in. in diam by 18% in. long. Shown 
here about 14 times actual size, it is believed to be the small 
est 400-cycle motor available for applications requiring instant 
response to input signals. 

The subminiature motor consists of a squirrel-cage rotor 
on precision ball bearings, a two-phase stator, and a stain- 
less-steel housing. Characteristics include: a fixed phase and 
control phase voltage of 26 volts: a fixed phase and control 
phase current of 92 ma; a power input of 3.3 watts; stall 
torque of 0.11 oz-in.; and an operating temperature range of 
minus 55 to plus 70 deg C.—Eclipse-Pioneer Div. of Bendix 
\viation Corp., Teterboro, N. J. 


Circle No. 2 on reply card 


COMPACT CONVERTERS offer high speed. 


Capable of speeds in excess of 500,000 conversions per sec, 
these new completely transistorized digital-to-voltage Multi 
verters generate a voltage equal to the product of a digital 
number and a fixed or varying reference voltage. If the refer- 
ence is an ac voltage, the generated voltage is ac. If the 
reference is a fixed voltage, the Multiverters operate as conven- 
tional digital-to-voltage converters. Completely solid-state 
devices, their size can be as small as a pack of cigarettes; 
the smaller version in the photo has a volume of only 21 
cu in. Accuracies to within 0.01 percent are available and, 
by sacrificing accuracy, conversion speeds up to 0.5 micro- 
sec are possible——Packard-Bell Computer Corp., Los An 
geles, Calif 


Circle No. 3 on reply card 


NEW SWITCH features long life. 


Pictured is one of a complete new line of motor-driven 
commutator switches. Typical applications include telemeter- 
ing, sampling, and programming. Designed for a minimum 
life of 500 hours, these units are capable of switching high 
and low impedance circuits in aircraft and missile applica- 
tions. A wide selection of poles and positions is available, 
with speeds ranging from 4 to 30 rps. Available circuits pro 
vide either two or three independent switch sections per 
commutator, depending on the model. Drive motors operate 
on either 115 volts, 400 cps, or 26.5 vde. Units maintain per 
formance at temperatures of 85 deg C, with vibrations of 
25 g’s to 2,000 cps.—Pacific Div. of Bendix Aviation Corp., 
North Hollywood, Calif. 


Circle No. 4 on reply card 


PRESSURE TRANSDUCER meets rigid tests. 


Accurate to within 1.0 percent of reading, this new pres- 
sure transducer features a 2,000-wire resolution and an abil- 
ity to handle a variety of airborne applications. Units are 
available with pressure ranges from 0-10 through 0-50 psi. 

One interesting current application is in a Machmeter 
transducer package, where the differential pressure has been 
cascaded between two units, providing an effective resolu- 
tion of 4,000 wires over the entire pressure range. Accuracy 
is still within 1.0 percent. Other current applications include 
a Mach controller in a production missile, a variable-inlet 
control system for a jet, and a ratio measuring system.—G. M 
Giannini & Co., Inc., Pasadena, Calif. 

Circle No. § on reply card 
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HOW 


BORG EQUIPMENT DIVISION 
CAN HELP YOU 


Our business is helping to solve 
design and production problems 
in the use of components for the 
highly specialized electronics indus- 
try. Borg’s background provides 
the experience necessary to design 
and produce various types of com- 
ponents for you... 


MICROPOT* POTENTIOMETERS 
Borg Micropots offer a wide range 
of high-precision, single-turn, multi- 
turn and trimming potentiometers. 
*Registered trademark of The 
George W. Borg Corporation. 
MICRODIALS 


Direct Reading Microdials and Con- 
centric Scale Microdials. 


INSTRUMENT MOTORS 


Rugged, dependable Borg-Motors 
are designed for quality instrument 
applications. 


AIRCRAFT INSTRUMENTS 
Instruments for commercial and 
military aircraft. 

FREQUENCY STANDARDS 


To meet your requirements in Fre- 
quency Standards for military or 
industrial applications. 


TEST EQUIPMENT 
FOR AUTOMATION 


Invaluable experience with auto- 
matic testing equipment is yours 
when you call on Borg. 


Save time and money when faced 
with design or production problems 
of electronic components. Call on 
Borg. Let us send you the name of 
your nearest Borg ‘“Tech-Rep” and 
a copy of catalog BED-A90 today. 


OTHER BORG DIVISIONS 


The George W. Borg Corporation 
is comprised of three divisions . . 
the Borg Equipment Division at 
Janesville, Wisconsin, the Borg 
Fabrics Division at Delavan, Wis- 
consin which manufactures the 
fashionable “Borgana” fabric for 
coats and jackets and the Borg 
Products Division at Jefferson, Wis- 
consin, leading manufacturer of 
automotive clocks. 


MICROPOTS 
MICRODIALS 
BORG EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 
JANESVILLE, WISCONSIN 
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NEW PRODUCTS 


RESEARCH, TEST 
& DEVELOPMENT 


HIGH-SPEED PLOTTER 


Designed for use with strain-gage in 
puts, the Gilmore Model 220 Plotter 
will and four separate 
channels per second. Each channel is 
plotted on an individual graph while 
the test is in progress. Furnished as 
either a 48- or 96-channel unit, the 
Model 220 can accept two 60-500 
ohm-resistance strain-gage inputs pe! 
channel. Ranges of 2,000, 5,000, and 
10,000 microin. per 54-in. graph are 
available with a gage factor adjust 

Chart paper is in 


ment of 1.6 to 2.2. 

stalled as a continuous loop and ma‘ 
be rerun through the recorder several 
times, the number depending on the 
number of points in a given test.—Gul 
more Industries, Inc., Cleveland, O 


scan record 


Circle No. & on reply card 


MULTIFUNCTIONAL 
rack- 


phas¢ 


Available in either portable or 
mounting this new 
angle voltmeter can operate as a phasc 
sensitive null indicator, providing 10 
microvolt sensitivity with less than 5 


versions, 


microvolts of noise. Harmonic rejec 
tion exceeds 55 db when used with 
internal filters. Nulling is accom 
plished at any phase angle by a con- 
venient switch and calibrated phase 
shifter. The dual filter unit can also 
be used for the direct measurement of 
signal fundamental, phase angle, 
quadrature, and in-phase components 
I'welve full-scale voltage 
available, from 1 my to 
North Atlantic Industries, Inc., 
burv, N.Y 
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ranges ale 
300 volts 


West- 


DECADE CAPACITOR 
Phe tvpe 1419-K Decade 


shown here features a maximum capa 
citance of 1.1] mf in steps of 
mf. Dissipation factor of the new 
unit is said to be that of 
elder units and long-term stability of 
capacitance values is within 0.1 pet 
cent.—General Radio Co., Cambridge, 
Mass 


Capacitor 
0.00] 


one-third 
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CHECKS GEAR TRAINS 


] 


Shown is a new gear-train analyz 


that provides accurate evaluation data 
on lost motion in precision gear trains 
used in servo systems, computers, 
Basically, the 
electronic control unit and 
torque actuator. The latt 
tuted for the motor driv 


A dial on th 


regulates voltage to the 


analy ZCI 


consis 


f th 
to be checked 
unit 
ind a calibrated dial on th 








THERE’S A 

BORG MICROPOT. 

TO MEET YOUR EXACT 
SPECIFICATIONS! 











BORG MICROPOTS... 
the Ultimate in Multi-Turn Precision Potentiometers 


Borg offers a complete line of high-precision, linear potentiometers 
called MICROPOTS. Precision is Borg’s business . . . that’s why 
MICROPOTS offer so many exclusive advantages. Superior design and 
production methods make Borg MICROPOTS available in any quantity. 
Write today for the name of your nearest Borg Jobber or ““Tech-Rep.” 


1100 Series 

MICROPOTS 
A precision MICROPOT that offers 
your products a price advantage in 
today’s competitive markets. Lug or 
lead type terminals. Accurate... 
dependable .. . long lived. 


900 Series 
MICROPOTS 205 Series 


MICROPOTS 


990 Series 
Trimming 


‘* MICROPOTS 


Small in size, lightweight, rugged and 


Standard tea-turn and three-turn 
models to fit most special design needs. 
Extremely accurate and dependable 
under adverse environmental con- 
ditions including severe vibration 


and shock. 


A quality MICROPOT. Designed for 
both military and commercial appli- 
cations. Proven in many different 
mobile and stationary types of elec- 
tronic circuitry. 


dependable. Three types of terminals 
... printed circuit, solder lugs or in- 
sulated wire leads. WRITE FOR COMPLETE ENGINEERING DATA *® CATALOG BED-A90 


oS 
BORG EQUIPMENT DIVISION |B Rt 


THE GEORGE W. BORG CORPORATION \ 
Ry wt / MOTORS 
JANESVILLE, WISCONSIN SYIPME wicropors 


MICRODIALS 
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enables the inspector to read angular 
displacement of the actuator shaft dur- 
ing test. The instrument may also be 
used to measure the torque required to 
drive free-running gear boxes, and 
provides a means of setting gear-train 
safety clutches. It operates on a 115- 
volt, 6-cps supply.—Daco Instrument 
Co., Brooklyn, N.Y. 
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99 magnetic stepping motor ggaoo 
1% moving part (TOUCHES ONLY BALL BEARINGS) e @ 
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...8000 STEPS PER MINUTE rs) rc?) r } ry 
... INSTANT START, NO SLIP, NO CLATTER a ® e ¢| 
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... IT WORKS 


THE SIGMA CYCLONOME® STEPPING MOTOR* behaves =i @|\¢ ® 
like a 10-pole synchronous motor, but because of small inertia and ; 
high torque it comes to a dead stop between each half cycle up 
to rated maximum of 130 cps. It continues to run synchronously 
at frequencies well above this maximum, but eventually fails to FREQUENCY TIME COUNTER 


stop on command on a selected pole. - , : 
. , Completely transistorized, the Model 


860 Frequency ‘Time Counter con 
tains the shaping, gating, switching, 
counting, and crystal-controlled time 
base circuitry required for counting, 
timing, frequency measuring, and in 
reference or bias DC in the other. terval generating functions. leatures 


Since stopping and starting torques are roughly equal, it 
makes a good counter of cycles or pulses. It accepts sine waves 
or square pulses, but requires reversals. These reversals may be 
provided by straight AC signals, DC pulses supplied alternately 
to separate windings, or DC pulses to one winding with a 


As proof that this dandy little motor works and can do some include the direct measurement 
eae: au : , ren 1 
useful jobs, three for instances. that we’ve built are shown. In frequencies from 0 to 150 ke, fre 


. : . - ( . te ’ oO Del | 
(1), some rather elaborate switching is done by a commutating quency-ratio determination, — perio 


: a. . : s f r 10 eveles, and 
2 switch driven by the motor. At (2), it functions as a self-checking measurements for 1 or 10 « Sere 


: . time-interval measurements for inte1 
a | digital readout switch. In the third example (3), the motor is a hoitey :. : 
) ; a es : vals from inputs up to 150 ke.—Potter 
~ housed with and drives a 6-digit Veeder-Root register at lta ite fe din iS 
* i. S € ,0., a. Fu ille, 
rates up to 8000 CPM (sold for some time as the Sigma 
Cyclonome Counter ). Circle No. 10 on reply card 


*Pat. app. for 


Why y rould wa zet_shaf 
TYPE 12D CYCLONOME STEPPING Why you would want to get shaft 


MOTOR SPECS INCLUDE: positions out of electrical cycles is, of 
course, your business, but there is a 
TORQUE OUTPUT: approximately 


100 gram-cm. for every 18° of rotation 


thinly disguised feeling around here 
that (maybe?) one of these gadgets 
(optimum input signal) might be just what you’ve been looking 


INERTIA: 0.6 gram-cm?. for. If you can withstand the Tumult 
and get past the Lions, you can see a 
Cyclonome Motor stepping at BOOTH 
2628 - 2630, at the athletic contest in 
March. If not, write for Bulletin. Designed primarily for experimental 
work in instrument servomechanisms, 

this new electronic servo-amplifier re 

SIGMA INSTRUMENTS INC quires only 115-volt, 60-cps power, 
, ‘ vet operates well in +00-cps systems. 

Flexible enough for use in a variety 


INPUT POWER: ' to 12 watts 


depending on speed requirements 


SERVO-AMPLIFIERS 
SIZE: 2%" x 2%" x 1%" 


69 Pearl Street, So. Braintree 85, Massachusetts 
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BARDEN Pre 


SPECIFY BARDEN PRE 


ton Miniature Boll Beare 
s 


ON BALL BEARINGS FOR: 


Precision-built computer gear trains must 
have uniformly low torque and minimum 
backlash; mounting surfaces for the bearings 
should be simple to manufacture. 


Barden Precision miniature-size bearings 
have the required low torque. Their low 
eccentricity and closely controlled radial play 
assure minimum backlash. Precision flanges 
provide accurate positioning surfaces and 
permit through-boring, eliminating the need 
for housing shoulders. 


Barden Precision miniature bearings are built 
to the same high standards of consistent 
quality as Barden’s larger instrument sizes. 





Os 
@=* 


Barden Precision means not only dimensional 
accuracy but performance to match the de- 
mands of the application. 


Your product needs Barden Precision if it 
has critical requirements for accuracy, torque, 
vibration, temperature, or high speed. For 
less difficult applications, the predictable per- 
formance of Barden Precision bearings can 
cut your rejection rates and teardown costs. 


Write today for your copy of ¢ atalog Sup- 
plement MI which dimensions, per- 
formance and engineering data on Barden 
Precision ball bearings 4” O.D. and smaller. 


PIVeS 


THE IBAARDEWN corporation 


49 E. Franklin St., Danbury, Connecticut * Western office: 3850 Wilshire Bivd., Los Angeles 5, California 


INSTRUMENTS © AIRCRAFT ACC ES © COMPUTERS AND RECORDERS ¢ MACH 
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S-D Type 48LXX 


€ 


Small Size...Long Life... 
ECONOMY CONTACTORS 


for motor control applications 


Backed by full Struthers-Dunn quality, designed 
to minimum size consistent with dependable 
performance, these new 3- and 4-pole AC con- 
tactors are ideally suited for “built-in” control 
of AC motors, solenoids, valves, lamps, heaters 
and other loads. 

Contacts are conservatively rated at 15 am- 
peres to 600 volts AC and with horsepower 
ratings to 3 h.p. for 440/550-volt service AC 
3-phase. 

Struthers-Dunn Data Bulletin 7048 will 
bring you full details. 


REVERSING TYPE 


S-D Type 175KXX includes two dur- 
able solenoids each opening three 
double-break, normally-open con- 
tacts. Ratings are similar to above. 
Write for $-D Data Bulletin 7100. 


STRUTHERS-DUNN, Inc. 


Pitman, N. J. 





5,348 Relay Types...World’s most diversified relay selection 


Sales Engineering Offices in: Atlanta + Boston + Buffalo « Chicago + Cincinnati 
Cleveland « Dallas » Dayton + Detroit « Kansas City » Los Angeles » Montreal « New 
Orleans « New York « Pittsburgh + St. Louis » San Francisco * Seattle « Toronto 
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of breadboard applications, it will 
handle servomotors requiring up to 
10 watts of control power. BuOrd Mk 
S. and Mk14 motors, as well as many 
other popular types may be driven 
from the appropriate output tap 
points. Features include a calibrated 
gain dial, an input summation cu 
cuit, and provision for the insertion of 
stabilization and/or phase-shifting net- 
works.—_Dynamic Development Co., 
Westbury, N. Y. 


Circle No. 11 on reply card 


AUTOMATIC TESTER 


Pictured is the new ALTREC, a sys 
tem for the Automatic Life ‘Testing 
and Recording of Electronic Compon 
ents. This single instrument has facil 
ities for environmental control and 
cycling as well as for periodic sequen 
tial sampling and measurement. A pet 
manent printed record carries all data 
regarding the test and operating con 
ditions. Measurements can be pro 
grammed at intervals of from 1 to 
1,000 hours. The measuring device 
used consists of a digital voltmeter 
with automatic ranging.—Canadian 
Marconi Co., Outremont, Canada. 
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NEW SERVO TESTER 

Designed for automatic frequency 
response measurements of servo sys 
tems, the Model 105-AR Servo Teste1 
fits into a 19-in. relay rack. ‘The in 
strument covers a data-frequency range 
of from 0.3 to 30 cps. Frequency 
can be set either manually by a front 
panel knob or remotely by some ex 





REGOHM SOLVES Another Electronics Control Problem 


ACTUATING COIL 
AND ARMATURE 


FLTER CIRCUIT 


TRANSFORMER 
PUTER 
RECTIFIER 
CIRCUIT 


REGOHM REGULATOR CONTROLS AC LINE SURGE 
IN STODDART PORTABLE AC POWER SUPPLY 


Stoddart Aircraft Radio makes effective 
use of the Regohm’s smooth multi-contact 
voltage regulation, its unique compact 
plug-in design, and high power handling 


capacity in building the Stoddart Model 


91226-1 Power Supply. This Power Sup- 
ply, for use with Stoddart radio interfer- 
ence and field intensity measuring equip- 
ment, operates from AC line of either 
105-125 volts or 210-250 volts, and de- 
livers three closely-regulated outputs. 
With Regohm’s finger contacts han- 
dling the load through varying resistor 
combinations in the power transformer 
primary circuit, these outputs, with maxi- 


mum variation, are: 





Voitage Current Regulation 





225 DC 135 ma 
105 DC 20 ma 
6.3 AC 4.5 amp. 


+15V 
+ 0.15V 
+ 0.05V 

















} 


Stoddart found the plug-in feature, 
small size, and very light weight of the 
Regohm highly advantageous also. The 
Regohm design permits stacking the reg- 
ulator in behind the cage holding several 
panel-mounted units, with a single can 
enclosing and shielding both assemblies 

Manufacturers of many kinds of elec- 
tronic equipment are finding big advan 
tages in the Regohm’s unusual combina- 
tion of: Sensitivity, Stability, Wide Range 
of Control Resistance, Long Life, Perma- 
nent Adjustment, No Maintenance, Rug- 
ged Design .. . and Low Cost. Let our 
engineers discuss with you how Regohm 
might ease difficult design or cost prob- 
lems in your applications. Please call,wire, 
or write: Electric Regulator Corporation, 


Norwalk, Connecticut. 


Please write for design, data and perform 
ance specs on REGOHM multi-stage regu 
lators in applications similar to this 


REGOHM 





ELECTRIC REGULATOR CORPORATION 


NORWALK CONNECTICUT 
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ternal de voltage. Four suppressed- 
carrier 400-cps output voltages are 
available in two quadrature pairs. The 
data phase of the first pair is fixed, 
that of the second set on the front 
panel dial.—Industrial Control Co., 
Lindenhurst, N. J. 


Circle No. 13 on reply card 


MEASUREMENT & 
DATA TRANSMISSION 


NEW PROXIMITY COIL 
Phis new proximity coil uses an en- 
tirely nonmagnetic housing. Leads en- 
ter through a Bendix connector on top. 
Zine and lead parts passing through 
the coil produce a phase shift to actu 
ite a control relay and balance the 
system. Windings consist of two aid 
ing primaries and two bucking sec 
ondaries. Sensitivity is controlled by a 
screw that distorts the field of one 
and one secondary.—Auto 
matic ‘Timing & Controls, Inc., King 


of Prussia, Pa. 
Circle No. 14 on reply card 


From ANY point 
... it’s HAYDON 


for timing devices 


If you’re looking for a complete product line that includes 
d 
primary 


Timing Devices for every application requirement and, 
in addition, features the highest quality and most 
advanced design at the lowest possible cost, HAYDON 
has it! And all Haydon timing devices incorporate the 
famous Haydon hysteresis and/or inductor timing motors 
available for 50, 60, and 400 cycle and DC power supplies. 


If you’re looking for a complete service to meet all your 
timing needs, HAY DON offers fully integrated engineering 
and manufacturing facilities ready to take your timing 
projects right through from design and development 
to finished product! me 
And if you’re looking for a complete Field Engineering 
Service to make all these facilities conveniently available, 
you'll find there’s a HAYDON Timing Specialist in 
your area, a man fully qualified by training and experience 
to help fill your Timing Device needs. Why not phone him 


today and make an appointment to discuss your requirements? 


*Trademark Reg. U.S. Patent Office 


HAYDON 


A SUBSIDIARY OF GENERAL TIME CORPORATION 





AT TORRINGTON 


HEADQUARTERS FOR 


TIMING HAYDON Manufacturing Company, Inc. 


2327 ELM STREET, TORRINGTON, CONN. 
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RUGGED PICKUP 
\ new series of variable reluctance 
pressure transducers is available in two 
models. ‘The Model DP-27, above, 
measures differential pressures, while 
the Model AP-27 is for absolute pres- 


sure. Both feature stainless-steel con- 





Waid Power NEWS == 


b heat “Oe 3 


WHAT OILGEAR FLUID POWER “ANY-SPEED’ ROTARY DRIVES 
CAN DO FOR YOU! 


Reveals what Oilgear Fluid Power “Any- 
Speed” Drives are doing, can do, and could 
do for you on diversified rotary applications. 
Included are typical performance curves, 
graphs, applications, and comparisons with 
other rotary drive methods, 


For your copy — without obligation — contact 
the Oilgear application-engineer in your vicinity. 
Or write, requesting Oilgear Bulletin No. 10600, 
directly to... 


THE OILGEAR COMPANY 


Application-Engineered Fluid Power Systems 
1587 WEST PIERCE STREET © MILWAUKEE 4, WISCONSIN 





General Insurance of America tested| | wew rrooucrs 
... and picked 





i 








« . 


Chief Engineer cites type EP Audiotape for“ dust-free 


coating, uniform signal output... high precision” 


Wuen General Insurance Company of America bought four Electro- 
data tape transports 18 months ago, they knew one thing: their 
computing system should have the finest magnetic recording tape 
available. It was decided that the best way to make the final decision 
was to test. 

The tests started immediately. Every nationally known make of 
magnetic recording tape was used on the transports for at least a 
month, The result was clear; type EP Audiotape was chosen. 

As D. G. Jessup, Chief Engineer of General's Computing Depart- 
ment, wrote in a letter to Audio Devices, “To obtain the optimum 
reliability and performance from our computing system we need the 
oxide dust-free coating. uniform signal output level correct in both 
directions of travel, and high precision reels which you supply. Keep 
up the good work!” 

The extra precision Mr. Jessup found in type EP Audiotape is not 
a matter of chance. Rather it is the result of meticulous selection and 
inspections that start when the master rolls of base materials are 
examined for uniformity. The quality control is continued through 
the manufacturing process, ending only when the tape is checked by 
a defect counter, rejects discarded, and the defect-free tape packed 
in sealed containers. This high standard of control is backed up by 
our guarantee that every reel of type EP Audiotape is defect-free. 

For more information on type EP AUDIOTAPE, write for Bulletin 


T112A. Write to Box TC, Audio Devices, 444 Madison Ave., New York 
an, es Fe 


TRADE MARK 


AUDIO DEVICES, INC., 444 Madison Ave., New York 22, N. Y. 
Offices in Hollywood and Chicago 
Export Dept.: 13 East 40th St., New York 16, N. Y. 
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struction and may be operated with 
ac carrier systems ranging from +00 to 
20,000 cps. Different ranges of coil 
inductance may be specified for com- 
patibility with the desired carrier sys- 
tem. The DP-27 is available in stand- 
ard ranges of plus or minus 7.5, 50, 
150, 500, and 1,500 psi differential. 
Ranges for the AP-27 are 0-15, 0-30, 
0-100, 0-300, and 0-1,000 _ psia. 

Northam Electronics, Inc., Los An 
geles, Calif. 
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FOR IN-LINE MOUNTING 


Pictured are two versions of a new con- 
ductivity cell designed for direct 
mounting on main process lines of 
free-flowing liquids. These units op- 
erate efficiently at temperatures up to 
400 deg F with temperature compen- 
sation, and on up to 1,000 deg F with- 
out temperature compensation. They 
require no sampling lines or coolers. 
The electrodes and a thermistor for 
temperature compensation are em- 
bedded in a cylindrical lining. Princi- 
pal application is determining the 
amount of impurities in a free-flowing 
solution. Available pipe sizes are 3 in., 
4 in., 7 in., and 1 in.—Instrument Div. 
of Robertshaw-Fulton Controls Co., 
Philadelphia, Pa. 
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FOR WEIGHT OR TORQUE 


A new line of miniature low-capacity 
load cells is now available for measur- 
ing weight, force, twist, or torque. 
These units, of the differential trans- 
former type, are enclosed in a shielded 
metal case and feature ranges of from 
plus or minus | gr to plus or minus 
50 lb.—Testing Equipment Sales Co., 


Murray Hill, N. J. 
Circle No. 17 on reply card 





Null Indicator wins preference test 
at IRC. At International Resistance 
Company, where hundreds of stock 
resistors are daily subjected to rigid 
MIL performance tests, an ElectroniK 
Null Indicator was recently matched 
against a spotlight galvanometer for 
speed, sensitivity and ease of use. 
The Null Indicator proved superior on 
each count, and operators indicated 
a strong preference for it. 


Null Indicator 


* es oe 
is easier to watch, easier to use 








SPECIFICATIONS 


Period—less than % second 

Current Sensitivity—.001 microamp mm. 
Voltage Sensitivity—1 microvolt mm. 
Input Impedance— 1000 ohms at max. 
sensitivity 

Overload Rating—1 volt at max. 
sensitivity 

Stability—less than 1 mm. zero shift /hour 
Damping—critically damped; inde- 
pendent of external resistance 

Terminals— input and ground; for 
spade, pin or banana plugs 
Power—115 volts, 60 cycles 
Scale Markings 

—lto +1 in MM. | \ver 21,” radius 
-4to +4incm. !} 

Dimensions— 17°” long x 5°«” wide 
x 7%” high 

Weight— 15 lbs. 








HE BIG, clearly legible dial on this all-electronic instrument 
le easy to read, reduces the chance of error. Even in bright 
light, there’s no need to shade the meter. The needle comes to 
rest in less than half a second. And there’s never “loss of spot”’ 
when excessive signal is applied —you always know which direc- 
tion to go for bridge correction. 


The ElectroniK Null Indicator goes to work quickly . . . without 
need for leveling or special mounting. Zeroing is simple, with 
just a turn of the front-of-panel bar knob. The unit withstands 
shock and vibration. 


The Null Indicator is sensitive enough for all your d-c bridge 
measurements, and rugged enough for production line work. 
Order this modern successor to the galvanometer today. Price: 
$175, f.o.b. Philadelphia. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., /ndustrial Division, 
Wayne and Windrim Avenues, Philadelphia 44, Pa. 


Honeywell 
Fit we Couttols 
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data recording 


sentient systems 
DESIGNED... DELIVERED 


... IN OPERATION* 
PRESSURE 
WIND TUNNEL INSTRUMENTATION 
RADAR AND SONAR TRACKING DEVICES 
AUTOMATIC COMPUTER INPUT 
FORCE 
WEIGHT 


WEIGHT DISPLAY AND RECORDING 

GAS DYNAMICS RESEARCH OUTPUTS TO 60 VOLTS 

ENVIRONMENTAL TESTING 

ENGINE TEST FACILITIES The first of a new line of differential 

PRECISION INDICATION OF POSITION 
VOLTAGE 


transformer accelerometers, the Model 
7-34 has a range of plus or minus |] 
NAMES ON REQUEST to 50 g, and features temperature 
compensated damping and _ infinite 
resolution. Output at full scale is a 
maximum of 0.5 volt per volt in, and 
at zero acceleration is 0.5 percent of 
full scale. Maximum nonlinearity is 
1.0 percent; phase shift at 0 deg is 
plus or minus 5 deg. Unit takes a 
standard electrical input of 115 vac at 
+00 cps. The case is approximately 3.3 
in. by 1.9 in. by 1.6 in.—Edcliff In- 
struments, Monrovia, Calif 


* 
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INFORMATION 
DISPLAY INSTRUMENTS 


CLARY PRINTER-ADDER 


FOR PRINTED TAPE, TYPEWRITER TABULATION OR PUNCHED CARD RECORDS 


Datex digital data handling and recording systems 
can be adapted to many additional processes that 
require rapid and/or continuous recording of pre- 
cise information. Utilizing simple, reliable electro- 
mechanical instruments, Datex systems have been 
chosen for applications requiring extreme reliability 
and accuracy. Write us concerning your data han- 
dling problems — Literature available upon request. 











PRESSURE RECORDER 


Offered in ranges from 0-3 psi up to 


0-60 psi, a new pressure gage records 


® on the 3-in. strip chart shown here. 
7 » recording chassis .T- 
GIANNINI D A - xX DIVISION The recording chassis itself is inter 
changeable and can be plugged in 
1307 SOUTH MYRTLE AVENUE, MONROVIA, CALIFORNIA 


without tools. Three versions are avail- 
G. M. Giannini & Co., Inc., Pasadena, California able. One will record and indicate one 
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Computers 


Communications 


instrumentation 


Servo systems 


Flashers 


Data processing 


Oscillators 


Ultrasonics 


Wherever you require high power, consider 


Solid state switching 


Power supplies 


Audio amplifiers 


Ignition 


Fuel injection 


Regulators 


Converters 


Machine contro/ 


DELCO HIGH POWER TRANSISTORS 


Thousands of Delco high power germanium transistors are 
produced daily as engineers find new applications for them. 
In switching, regulation, or power supplies—in almost any 
circuit that requires high power— Delco transistors are adding 
new meaning to compactness, long life and reliability. 

All Delco transistors are 13-ampere types and, as a family, 
they offer a collector voltage range from 40 to 100 volts. Each 
is characterized by uniformly low saturation resistance and 


DELCO RADIO 


high gain at high current levels. Normalizing insures their 
fine performance and uniformity regardless of age. Also 
important—all Delco transistors are in volume production 
and readily available at moderate cost 

For complete data contact us at Kokomo, Indiana or at 
one of our conveniently located offices in Newark, New Jersey 
or Santa Monica, California. Engineering and application 
assistance is yours for the asking. 


DIVISION OF GENERAL MOTORS, KOKOMO, INDIANA 


BOOTH 1619 AT THE 1.R.E. SHOW 
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GET THIS 
HANDY GUIDE 
*° BETTER VALVES 


— — e 


Shows complete line of Penberthy valves 
and liquid-level gages for power, petro- 
leum, and process industries. Includes 
technical data, parts, price lists, and 
accessories such as: 


HEATING AND COOLING GAGES... for accu- 
rate readings where liquids must be cooled 
or heated to obtain exact measurement. 


INSTRUMENT VALVE ... permits gage repair or 
replacement without shutdowns. Back-seating 
stem permits repacking under pressure. 


FROST PREVENTIVE GAGE. 
build-up... 


..eliminates frost 
-assures dependable visibility. For 
industries where frosting interferes with 
accurate readings. 


ILLUMINATORS .. . plastic wedge distributes 


bright, even light along entire column. Non- 
glaring...dustproof for perfect illumination. 


WELDING PAD GAGES .. . where process con- 
ditions require observation windows as inte- 
gral part of vessel. 


MC 


i 
Penberthy Manufacturing Company | 
Division of Buffalo-Eclipse Corporation 
1242 Holden Ave., Detroit 2, Mich. i 
Please send FREE copy of Catalog #36. 
TITLE I 

i 


NAME 





ADDRESS. 





COMPANY 
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pressure measurement, another will 
record two measurements and indicate 
one, and a third will indicate two 
measurements and 
Bristol Co., Waterbury, 


record one.—The 


Mass. 
Circle No. 19 on reply card 


REMOTE RECORDER 


Pictured is an electronic recorder that 
will receive and record the outputs of 
four remote meter-operated slidewires 
Variables that may be recorded include 
densitv, liquid level, and fluid flow. 
Heart of the newly designed unit is an 
electronic receiver unit housing an am 
plifier, input box, servomotor, and 
slidewire. Four such receivers can be 
installed in a single recorder. Each is 
available as an ac_ servo-operated 
bridge, a de potentiometer or a dc 
voltmeter.—Hagan Chemical & Con 
trols, Inc., Pittsburgh, Pa. 
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COMPUTING INDICATOR 

Intended for both laboratory and in 
dustrial use, the Computerette indi- 
cates three quantities, two independ- 
ent variables and any function of 
them. The instrument consists of two 


by 
Roy E. Marquardt 
President 


Aircraft Nuclear Propulsion 
projects now underway in 
ASTRO, a Division of Marquardt 
Aircraft, offer engineers and 
scientists challenging opportuni- 
ties in a variety of technical fields. 
Here, where we are dealing 
with development problems on 
high-performance systems with 
stringent design and reliability 
requirements, creative engineers 
and scientists will find real 
challenge and opportunity for 
accomplishment. 

Project personnel are currently 
working in such fields as radia- 
tion shield design, aerothermo- 
dynamics, control system design, 
instrumentation research, stress 
analysis, and neutronics. Prob- 
lems range in scope from pre- 
liminary performance analysis 
through design of test facilities. 

Experienced engineers and 
scientists capable of making con- 
tributions in these and related 
fields are invited to investigate 
the employment opportunities at 
Marquardt. You will find a com- 
bination of significant, active 
projects and a lively interest in 
new ideas, creating the environ- 
ment for professional growth. 
Please address your inquiries to 
Jim Dale, Professional Personnel, 
16555 Saticoy Street, Van Nuys, 
California. 


he a Mat grant 


marquardt ssa 


VAN NUYS, Sh 
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Air Space Traver ResearcH OrGanizartion, 
A DIVISION OF MARQUARDT AIRCRAFT, SYMBOLIZES OUR ACCELERATED. 
RESEARCH FOR PROPULSION SYSTEMS AND ACCESSORIES CAPABLE 
‘OF OPERATION IN THE ATMOSPHERE AND OUTER SPACE. 


ma rq la rdt , om a 


. VAN NUYS, CALIFORNIA Creede mm tata 
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de reflecting galvanometers which, 
with their associated optical systems, 
project light lines onto a ground-glass 
screen at the front. The screen itself 
contains a family of curves represent 
ing the third quantitv.—Aecro Ele¢ 
tronics Co., Chicago, III 


RECTILINEAR 
POTENTIOMETER 


Circle No. 24 on reply card 


RELIABILITY AT 20 G. VIBRATION 


the extra advantages of the new, rugged, Servonic Model 
G Rectilinear Potentiometer provide environmental versatility 
easily adaptable to your most important system programs. 


+20 g., 20 to 2000 cps. Temperature range to 
400°F in some configurations 


Stainless steel for corrosion resistant applications or 
aluminum alloy where weight is a consideration 
Various mounting and electrical configurations as applicable. 


A long life precision potentiometer double-sealed 
against humidity and foreign particles. 


Mechanical travel — 1°’ to 12"’ with resistances 
from 500 to 1,000 ohms per in 





For technical information, write 


SERVONIC INSTRUMENTS, INC. | 


Cutaway view of our standard 
base unit: This construction 
technique permits you to inter- 
change drawers and cupboards 
by utilizing the same base cab- 
inets as your laboratory require- 
ments change. 


METALAB mass-production meth- 
ods, which have been adapted to 
custom laboratory equipment and 
furniture results in ‘‘custom” 
quality units at ‘‘standard’’ 
prices. 


OK YAO) MABORATORY FURNITURE 
$ ir te th fo [nifal[e]) end EQUIPMENT by 


640 Terminal Way 
Costa Mesa, Calif. Mi 6-2427 


INDUSTRIAL 


o EDUCATIONAL 


INSTITUTIONAL 


HOSPITAL use... 


From our vast experience in laying out 
the nation’s finest laboratories, METALAB 
can show you how to obtain maximum 
working and storage area in a minimum 
of space... how to make current equip- 
ment adaptable to any possible future 
needs ... and how to achieve true econ- 
omy in laboratory equipment. This know- 
how, plus the use of only the finest 
laboratory-tested materials, assures you 
of obtaining the most at Metalab for your 
laboratory budget. 

Our Engineering Dept. will be pleased to 
solve your laboratory planning problems 


without any cost or obligation on your part. 
Write today for our literature! 





METALAB 


259 Duffy Ave., Hicksville, Long Island, N. Y. 
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GRAPHIC RECORDER 


Designed for digital-data reduction, 
telemetry output recording, spectrum 
analyses, and general on-off event dis- 
plays, this new instrument uses low 
cost, wide-dynamic-range electrolytic 
Faxpaper. Called the RX-48, it will 
produce up to +50 immediately visible, 
black-on-white 0.015-in. traces across 
a 15-in. sheet. ‘Ten chart speeds up to 
12 in. per sec increases its flexibility 
Hogan Laboratories, Inc., New York, 
N. Y. 
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RUGGED MIDGETS 


A new line of 180 frame midget tele 
phone-type relays features a variety oi 
small-size and low-cost flexing spring 
contact arrangements. \pplications in 
clude low-power military, computer, 
and other commercial equipment. A 
maximum of 16 flexing contact springs 





New Electric Predetermining Counter 


When it comes to Counting... PUT 
“first things first!” 


“Design them in, when you begin” . . . that’s the 
way to integrate Veeder-Root Counters into a new 
product or process. And the quick way to do this is 
call the nearest Veeder-Root office and ask for an 
engineer. 

You can count on this man to save you time and 
money in engineering, purchasing and assembly. 
For he can often save you the premium cost of a 
special counter by adapting or modifying a stand- 
ard counter to do the job you want done. . . whether 
it’s to give you or your customers direct readings 
... remote indication . . . facts-in-figures for produc- 


tion, wage-payment or stock Countrol . . . or proof 
of performance-guarantee. 

So when it comes to counting, call the local office 
or the Hartford plant, JAckson 7-7201. 


Veeder-Root 


INCORPORATED 
HARTFORD 2, CONNECTICUT 


Hartford, Conn. « Greenville, S.C. * Altoona, Pa. * Chicago 
New York * Los Angeles « San Francisco * Montreol 
Offices and Agents in Principal Cities 


® 


NEW ADDITIONS TO THE MOST COMPLETE LINE OF ELECTRICAL, MECHANICAL & MANUAL COUNTERS 











New Panel-Mount Magnetic Counter with Lock-Key Reset 


New Printed-Circuit Data Readout Counter 
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CHOPPERS 


Eleven types, 
both single and 
double pole. 


SSYW ‘NOLSO8 OS 
INI ‘CTONYY-SN3IAILS 


YdddOH)D OV 


Long life. 
Low noise level. 
Extreme reliability. 


Write for Catalog. 


STEVENS 


INCORPORATED 


ARNOLD 


7 ELKINS STREET 
SOUTH BOSTON 27, MASS 
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can be supplied with eight springs in 
each of two stacks. Minimum powe1 
requirements are on the order of 100 
mw per pole. Standard coils for open 
tvpe relays withstand ambient tem 
peratures to 85 deg C, while special 
coils handle ambients of 125 deg C. 

Struthers-Dunn, Inc., Pitman, N. J. 
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C 
EASY TO READ 
Chis new mercury-actuated indicating 


temperature controller features a dual 
mounting design and greater readabil 


Conasmo’ Thermocouple Wire 


Meets Severe Conditions 


Where Durabilii s, Hi-Temp Resistance Are Needed 


ity. Its case permits either flush or 
wall mounting with no _ additional 
hardware. Setting accuracy is improved 
by the use of a magnifying pointer 
with two hairlines. An increased dial 
area with maximum _ color-contrast 
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® 
Conase thermocouple and ther- 


mocouple extension wires are designed 

specifically for severe conditions—con- 

ditions where ordinary T/C wires are 

inadequate. First developed by Thermo 

Electric, ‘‘Ceramo” wires incorporate ceramic insulation with over- 
all metal sheathing. They'll solve your problems of high temper- 
ature, abrasion, chemical or corrosive action, pressure and difficult 
installation. You can bend them to almost any shape. As extensions, 
you can often use them without conduit. And under these condi- 
tions they'll outlast comparable standard types many times—with 
no significant difference in response. Choice of conductors in all 
standard calibrations and various sheath materials for tempera- 
tures up to 3000°F. Conductors—36 to 12 gage. Overall diameters— 
1/25” to 7/16” for thermocouples; ¥e” and 4%” for extensions. 


Write for Bulletin No. 31-300-B. 


Thermo Electric @.inc 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Ltd., Brampton, Ont. 
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simplifies reading. ‘The instrument is 
accurate to withing 0.5 percent of each 
of its 10 scale ranges.—The Partlow 


Corp., New Hartford, N. Y. 
Circle No. 24 on reply card 


OPERATES AT 600 DEG F. 


\ small precision switch with a mini 
mum life of 25,000 operations at 600 
deg F was recently introduced for jet 
engines, rocket-powered missiles, and 
electronic gear subjected to high tem 
peratures. Case, cover, and plunger 
are molded from a special type of glass- 
bounded synthetic mica. The switch 
uses a spdt contact arrangement and 
has an electrical rating of 10 amp at 
125 or 250 vac. A two-piece snap 
action spring provides sure contact 
MicroSwitch Div. of Minneapolis 
Honeywell Regulator Co., I'reeport, 
Ill. 

Circle No. 25 on reply card 





air circuitry: 


a new term of importance to control engineers. 


Air has come of age as a control medium. No longer is it confined to the simple jobs of pushing 
a clamping device, moving a lever, or blowing chips. No longer is an air circuit just a valve, 
reservoir, and cylinder. Today the most complex of industrial control problems can and are 


being solved efficiently with air. 


Today, pneumatic circuits can be interconnected. They can be set to control a complex sequence 
of operations automatically. They can be combined with electrical circuits. There is no control 


problem you have that can’t be solved successfully with air. 


The new role that pneumatic control can play in industrial operations demands a new way 
of thinking about air control. It demands a new way to describe control by air—a new name that 
Suggests some of its limitless control possibilities. That’s why Westinghouse Air Brake Company 


‘ 


is now using the term “air circuitry” to describe the application of air control to automation. 


Westinghouse Air Circuitry, we realize, has to be more than just as good as your present 


means of control. It has to offer you extra advantages. And it does. 


Chief among these is its extreme simplicity. The devices themselves are uncomplicated me- 
chanical devices. They have few moving parts. They are easy to service by any mechanic. The 


circuit connections are made with pipe—and what could be simpler than that! 


This extreme simplicity brings with it other important “pluses” for air circuitry. The simple 
equipment is unusually reliable—there are few moving parts to wear out or get out of adjustment. 
The devices are sturdy and durable. They require very little maintenance. What maintenance 
there is can be handled without the services of highly trained technicians. 

Above all, remember: no means of control is as safe as air. 

Air circuitry can help you simplify your control problems. It can help you get accurate 
answers to your automation problems on any industrial machine . . . in any industrial process. 
And Westinghouse Air Brake Company can help you with the engineering of a suitable system. 
Westinghouse has been in the control engineering business for 80 years now. It has been at the 
forefront of the development and improvement of air control equipment and its applications. 

For more information on Westinghouse Air Circuitry—how it has helped other companies, 
how it can help you—write for your copy of “‘Basic Pneumatic Control,” or call our nearest 


sales office. 


WESTINGHOUSE AIR BRAKE COMPANY, INDUSTRIAL PRODUCTS DIVISION, WILMERDING, PA. 
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BAFLO ACCESS — 
IN ANALOG DATA REDUCTION SYSTEMS 


Three companion units by Hycon Eastern provide auto- 
matic indexing and high-speed access to selected data 
in multi-channel magnetic tape instrumentation systems. 














DIGITAL TIMING GENERATOR, MODEL 201, gener- 
ates numerically coded timing signals which are 
recorded on magnetic tape throughout the data 
recording periods, providing a precise digital 
index in terms of elapsed time. The Generator 
also visually displays the exact time in hours, 
minutes and seconds as illuminated digits. 


DIGITAL TIMING GENERATOR, MODEL 206A, FOR 
AIRBORNE APPLICATIONS is a militarized ver- 


sion of Model 201. 


A Remofe Control Box 


contains Power off-Standby-Operate Switch, 
the Digital Clock Set, and the Time Display. 
Completely transistorized, Model 206A in- 


cludes a binary coded decimal 
though other timing formats are available to meet 


Weighing 


accuracy of = 1 second in 1 day’s time. 


For Tape Search 


MAGNETIC TAPE SEARCH UNIT, MODEL 202, operates dur- 
ing data reduction periods. On the basis of time indices 
recorded on the tape by the Digital Timing Generator, 
this instrument automatically locates and selects for 
controlled playback the tape data included between a 
“sequence start time” and a “sequence end time” spe- 
cified by panel dial settings. The time index is visually 
displayed as illuminated digits on a small separate 
panel which may be remotely located for convenience. 
Model 202 may be modified to search for timing for- 
mats other than those originated by Model 201. 





























WIND TUNNEL TESTING 
Pressure and temperature data 
of missiles are referenced to 
angle of attack. Model 201 
records on tape a digitized 
position signal for each new 
angle of attack. 


JET ENGINE TESTING 
Digital Timing Generator, 
Model 201 synchronizes all 
data receiving equipment. Its 
output can be piped to mul- 
tiple test and 
rooms simultaneously. 


cells control 


system al- 
customer requirements. 


only 15 pounds, Model 206A is stable to 1 part in 100,000 giving an 





IRE SHOW 
*Booth Nos. 3038 & 3039 





—+ 
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MISSILE AND AIRCRAFT TESTING 
Model 206A generates timing 
signals simultaneously with 
other flight test data. Model 
201 generates a timing code 
format for 
ground station recordings. 


synchronizing 


Write for Technical Bulletin TSG 


H, 


HYCON EASTERN, INC. 





75 Cambridge Parkway Dept. J 


E 


Cambridge 42, Mass. 


Affiliated with HYCON MFG. COMPANY, Pasadena, California 
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NEW PRODUCTS 





POWER SUPPLIES 


FOR TRANSISTOR CIRCUITS 
This closely regulated de power supply, 
designed for use with transistor cir- 
cuits, has a continuously variable out- 
put of 0 to 60 vdc, at 3-amp maxi- 
mum. No derating of output current 
or of regulation and ripple specifica- 
tions is necessary from 1 to 60 vde. 
Ripple and internal noise are below 
1.5 mv rms. Designated Model 6- 
3MB, the instrument features very low 
output impedance and a fast recovery 
time, and is built to fit a standard 19- 
in. relay rack.—Dressen-Barnes Corp., 
Pasadena, Calif 
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EXTENDS TUBE LIFE 


Designed to extend the life and re- 
liability of complex vacuum tubes in 
sensitive electronic equipment, the 
type EM10018 Automatic Voltage 
Regulator is fully automatic when 
used with external contactors and on- 
off controls. When the equipment is 
energized, voltage to the tubes is run 
up gradually to minimize surge strain 
on the filaments. A control circuit 
automatically maintains a_ stabilized 
output voltage level, preset to operate 
the equipment at its peak efficiency. 
Voltage run-up takes 5 to 14 sec, de- 





Why the Taylor TRANSCOPE 
controller is ideal for modern 
processing plants... 


© Excellent repeatability 
° Outstanding adaptability 


¢ More accurate 
response settings 


A WORTHY companion instrument to the revolu- 
tionary new TRANSCOPE Plug-in Recorder, the 
TRANSCOPE Plug-in Controller is especially suit- 

ed for the short spans of measurement encountered 

in present-day processing. 

1. Repeatability—Not only is the instrument ex- 
tremely stable mechanically, but under widely 
varying ambient temperature conditions it still 
maintains its repeatability. It will also hold its ad- 
justments even when subjected to rough treatment 

in shipment. 

2. Adaptability—As well as providing all response ad- 
justments for immediate requirements, the TRANS- 
COPE Controller can be quickly and simply adapted to 
changes in operating conditions or processing re- 
quirements, due to skillful design and interchange- 
ability of components. 

3. Accuracy of Response Settings— Response to adjust- 
ments is exceptionally fast... a big “plus” on start-ups. 
Precision manufacture of gain, reset and PRE-ACT* 
units permits pre-determined mathematical settings. 
4. Maintenance is simple because the motion-balance 





The Taylor TRANSCOPE Recorder 
and Controller are companion 
instruments. Revolutionary ac- 
curacy and big instrument fea- 
tures make the TRANSCOPE Re- 
corder the most talked about new 
instrument in years. No other re- 


Ca regardless of size, puts so many features in so little 





panel space. Write now for Form No. 98272. 





THEY BELONG TOGETHER 











TRANSCOPE Controller is easy to understand, easy to 
get at. Plug in or plug out in seconds. Rugged bel- 
lows assembly, keyed in place, moves the dynamically 
balanced force plate . . . friction-free bending member 
never needs maintenance. 

ideally suited for centralized control, and scanning and 
logging systems. Because of its compactness, respon- 
siveness and simplicity, the TRANSCOPE Controller is 
a match for your toughest job. Ask your Taylor Field 
Engineer, or write for Bulletin 98278. Taylor Instrument 
Companies, Rochester, N. Y., or Toronto, Ontario. 





( 


i 

Laylor Lnslruments 
—— MEAN ——— 
ACCURACY FIRST 








VISION - INGENUITY - DEPENDABILITY 
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NEW PRODUCTS 


pending upon the output voltage set- 
ting and on whether the unit has been 
in operation immediately prior to the 
run-up. Input is 208 volts plus or 
minus 10 percent, single phase, 57-63 
> cps; output is 208 volts nominal, 0-163 
-s ’ ty volts unregulated, 163-208 volts ad- 
mu {| 0 p re” justable regulated, +5 amps at 40 deg 
an, C.—The Superior Electric Co., Bristol, 
° . Conn. 
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meets Specification MIL-S-6807 FINAL CONTROL 


tr hey ge ap ; The ESCO Type AF 

@ Up to ions, or poles. rotary multipole tap 

@ Unlimited or limited rotor switch is designed to meet ELEMENTS 

= by moving two Specification MIL-S-6807. 

© Elect ao el P Rotor movement can be 
pean pap a i changed from unlimited 
Sian Be es Teas to limited (2 to 8 posi- 
2.0 omp. 28 v. d-<c, lamp load. tions) by placement of 
5.0 amp. 115 v. 400 eps, two stop screws in the 
resistive. 2.0 amp. at 50% rear plate. 


power factor. Write today for Bulletin 7. 





(BS SCO of WEYMOUTH 


3200 CYCLE, SKVA 


TORQUE MOTORS 


\ complete line of de torque motors 
is now available for use in servo svs 
tems requiring direct drive and 

minimum size, weight, and respons¢ 
time. Using direct drive, these motors 
attain angular accelerations up to 4,900 
rad per sec. Sizes range from 0.05 
lb-ft to 500 Ib-ft; basic diameters, from 
1.9 in. to 30 in.; lengths, from 0.5 in 
to 6.2 in. Matching rotary amplifiers 
are also. available.—Inland Motor 


Circle No. 28 on reply card 





MC Wet cee” - er 


3200cps REGULATED ALTERNATORS 


for Optium Weight and Space Design 


IN MISSILES 


Design Data AN Mountings for 

55°C to +70°C Ambient 28 V.DC, 400 cps motor 
40G Shock; 10G Vibration or turbine drives 
Voltage Regulation +1.5% Voltage, frequency and 
Harmonic Content 5% mechanical modifications 
Phase Unbalance 2% cvailable 





ALTERNATOR REGULATOR 


= + - 
] T 
KVA | PHASES] case > G DIMENSIONS 
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VERSATILE SERVOVALVE 





De ces ee  cT 


WRITE FOR PARTICULARS Pictured is a new powered-flight-con 


| PAUL E. GERST & COMPANY trol servo-valve of the multiple-input 


4868 N. CLARK STREET 6 CHICAGO 40, ILLINOIS tvpe, designed to operate a tandem 


hvdraulic evlinder. The unit. called 
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es oe a< Lambda power supplies 


sa sao! | have varied uses in the 

RRS S, North Carolina Works of the 

Western Electric Company. 
This representative installation 

88 886 includes among its components 
oe e eight Lambda Com-Pak 

e@eoee power supplies. 


Me 


ee ed 
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> 
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| deenscamee 


Western Electric uses standard 
Lambda supplies to power defense system tests 


Lambda power supplies provide Western Electric Com- 


NEW COM-PAK® POWER SUPPLIES SAVE VALUABLE PANEL SPACE pany with power for testing components of the United 
Models through 1.5 amperes : : 
Three voltage ranges: 0-200, 125-325, 325-525 VDC States continental air defense system. 


These are standard Lambda models, supplied from 
stock, with front-panel modifications only. 


Available for immediate delivery, Lambda power sup- 
plies from stock also are being used in major rocket and 
missile programs. 


C-200 series— 200 MA—5%” panel height—from $159.50 Your request will bring the current Lambda catalog by 
C-400 series— 400 MA—5'” panel height—from 244.50 return mail. It covers the complete new space-saving Com- 


C-800 series— 800 MA—7” panel height—from 315.00 : 
C-1500 series—1500 MA—8%” panel height—from 550.00 Pak series, as well as other rack, bench and portable models, 
for all needs through 1.5 amperes. 


/\ LAMBDA Electronics Corp. 


11-11 131 STREET * COLLEGE POINT 56, NEW YORK 


INDEPENDENCE 11-8500 Cable Address: Lambdatron, New York 
CIRCLE 4 READERS SERVICE CARD 





A bulletin 
illustrating 

the how and 

why of unisec 

is yours for 

the asking. 
W.&L.E.GURLEY 
537 Fulton Street 
TROY, NEW YORK 


THERMOCOUPLES 


THAT WILL WITHSTAND 


yRolelen 


AND 
UP TO 50,000 PSI 





NEW, SIMPLE 
CONSTRUCTION 


Made from metal sheath over ceramic 
insulated thermocouple wire. 

Metal sheath can be bent and weld- 
ments can be performed without loss 
of insulation. 

Write 


roe >. for complete thermocouples. 
Bulletins 4 for ceramic insulated wire. 











INSTRUMENT COMPANY, INC. 
315 NORTH ABERDEEN: CHICAGO 7. ILL 
Sales Representatives throughout the United States and Canada 
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NEW PRODUCTS 


the Hydomat, features three modes 
of operation: 

* manual, in which mechanical sig- 
nals initiated by the pilot operate the 
valve in the conventional power-con- 
trol manner; 

* autopilot, in which electrical sig- 
nals created by electronic amplifiers 
operate the valve as a conventional 
electrohydraulic servovalve; and 

¢ damper, in which mechanical sig- 
nals operate the valve as in the manual 
mode, with superimposed electrical 
signals to provide damping for im- 
proved airframe stability. 

For safety in the autopilot mode, 
the pilot can override the electrical 
signal by simply overcoming a pre- 
determined threshold force. Normal 
flow rates range from 0.5 to 10 gpm.— 
Hydraulic Research & Mfg. Co., Bur- 
bank, Calif. 
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DIGITAL 
EQUIPMENT 


VERSATILE PRINTER 


Called the Magnityper, this new 
alphanumeric high-speed printer fea- 
tures input adaptability to any source 
of digital data. Integral housing of the 
mechanical printing assembly with the 
electronic components is said to pro- 
vide space and power economy. Its 
use of solid-state devices, combined 
with its modular construction, assures 
high reliability and ease of mainte 
nance. The unit has a 120-column 
storage system and will print 10 lines 
of alphanumerical characters per sec- 
ond. Up to 63 different characters 
are available.—Potter Instrument Co., 
Inc., Plainview, N. Y. 
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Get big-gauge accuracy and sensitivity with 


Republic’s V5 Series of Compact Measuring Instruments 


Two sets of Republic V5 gauges mounted on a 
modern console-type boiler control panel. 
Gauges match the compactness of the other 
instruments, yet are easy to read—even from 
a distance. 


Republic V5 gauges feature full- 
sized diaphragms, bellows and 
helixes, yet require only one-fourth 
as much panel space as ordinary in- 
struments. Eight V5 gauges can be 
mounted in a single bank requiring 
only about 14”"x6%". This com- 
pactness makes them ideal for con- 
sole or graphic type panels. Each 
V5 gauge is an independent unit, 
which may be removed or replaced 
without disturbing adjacent gauges. 
Each 5” vertical scale is illuminated 
from the rear for top readability — 
even from a distance. 

A full line of V5 gauges is avail- 
able for measuring draft, pressure, 





A FEW OF THE OPTIONS AVAILABLE: 


@ Duplex bellows or helix gauges with 
two pointers operating on the same 
scale; occupies same space in group as 
a single-gauge unit. 


Set point indicator available on single 
bellows and helix units. 


Compound and reversed scales avail- 
able. 


Reverse acting pointer motion avail- 
able. (Can be reversed in the field 
without any change in parts.) 


High and low alarm contacts can be 
provided with all types of units. 


differential gas pressure and tem- 
perature, and for use as receivers 
with pneumatic transmitters for in- 
dicating flow, liquid level, density, 
high pressures and other process 
variables. If you would like to save 
panel space— without sacrificing in- 
strument readability, performance 
and flexibility—a talk with your 
Republic engineer could be time 
well-invested. A card or a call will 
bring him. Republic sales offices 
are located in principal cities 
throughout the United States and 
Canada. Detailed information in 
Bulletin No. 806 
is waiting. 


your copy 


Repustic 
FLOW METERS CO. 
sidiory of ROCKWELL MANUFACTURING COMPANY 


2240 DIVERSEY PARKWAY CHICAGO 47, ILLINOIS 


in Canada: Republic Flow Meters Canoda, Ltd 


Sut 


Manufacturers of electronic ond pn 
instrument and control systems 
process and industrial applicotions 
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save valuable 
=Valoiial-1-lalale mil aal— 


HEATH [Electronic Analog Computer Kit 


calculation 
tdeal for industry, 
ncorporates such features a 


© 30 coefficient potentiometers, each capable of being set with extreme accuracy. 


e 15 amplifiers using etched-metal circuit boards for quick assembly and stable 
operation. 


e A nulling meter for accurate setting of computer voltages. 


e A unique patch-board panel which enables the operator to “‘see"’ his computer 
block layout. 


UW y 


Because it is a kit, and you, yourself, supply the labor, yo 
| 


afford this instrument, which ordinar 


might be out of reach 


~~] 'y 4 A 


nomically. Write for full details today! 


Save money with HEATHKITS 


Now for the first time, the cost of this highl 


saving computer need not rule out its 


ave hundreds of dollars 


FREE CATALOG also available de 
ing test equipment, ham 
equipment in kit form 


opy today! 
py today! 


FREE 
Lo) So) = | 





HEATHKIT 


HEATH COMPANY ~~ 
A Subsidiary of Daystrom In 
BENTON HARBOR 36, MICH. 


story from this four-page 
folder, available free! 
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Get the complete computer 


NEW PRODUCTS 


VOLTAGE-TO-DIGITAL 


Priced at $9,500, this new high-speed 
electronic voltage-to-digital converter, 
the Model B-617 DATRAC 
input voltages to four binary-coded 
decimal digits at the rate of 3,700 con 
versions per second. Standard full 
scale input ranges of plus or minus 10, 
100, and 1,000 volts are readily 
switched by an external trigger pulse 
Epsco, Inc., Boston, Mass 
Circle No. 31 on reply card 


converts 


r'YPING CALCULATOR 
Designed primarily for business-order 
and invoice preparation, this new Elec 
tronic ‘l'vping Calculator can be pro 
grammed to automatically retain and 
tvpe out gross sales, taxes, shipping 
charges, invoice totals, or other s« 
lected accumulations on a daily basis 
Priced at approximately $5,600, the 
unit consists of an electric typewriter. 
a 10-key companion keyboard, a 
magnetic-core memory, and a program 
reading device. Numerical informa 
tion, keved in on the companion 
kevboard, can be added, subtracted, 
multiplied, rounded off, or held in 
the memory unit for later processing. 
International Business Machines 
Corp., New York, N. Y. 

Circle No. 32 on reply card 





How to simplify 
control problems 


Keep systems flexible, carry small 
inventory, cut maintenance cost with 


the Bailey Building Block Method 
of instrumentation and control. 


What is the Bailey Building Block Method? It’s using stand- 
ardized Bailey measuring, transmitting, and controlling 
components and combining them into any system you need. 
Components can be added as needed . . . removed and reused 
elsewhere . . . recombined into another system when the 
need changes. It’s flexibility plus! 


It’s all based on the simple fact that a Bailey instrument or 
control component doesn’t care if the measured variable is 
steam flow, tank level, or tower temperature, to pick just 
three examples. System components—transmitters, receivers, 
relays, selector stations, power units—are standardized for 
multi-purpose use. 


A spare component can be used in any one of many systems. 
Gone are delays waiting for shipments of special parts. Gone 
are large inventories of spares and parts. Simplified is the 


training of men for maintenance. 
RECEIVER 


There are many exclusive features and advantages of the in- 
dividual components used in the Bailey Building Block Meth- 
od. And there’s much more to the Building Block story itself, 
For further details, call our local district office or write us at 
Cleveland. Our engineers will be glad to prove how the Build- 
ing Block approach will save you money and simplify your 
instrument and control problems. 


CONTROL RELAY POWER UNIT 


BAILEY METER COMPANY 


1079 IVANHOE ROAD, CLEVELAND 10, OHIO 


in Canada — Bailey Meter Company Limited, Montreal 
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WHAT‘S NEW 
VW‘S JR. ae 


CHANGES ey IMPORTANT MOVES 
DRIVE MOTOR 2 BY KEY PEOPLE 


KY 14/5) 





A. C. Hall Moves to Martin; 
Kock Advances at Bendix 


As the last copies of the February 
Available from *4 hp. to 4 hp., the Reliance V*S issue of CONTROL ENGINEERING rum- 
Jr. operates from single phase a-c. power. Any bled through the mail chute, Albert C. 
motor speed from 290 rpm. to 2300 rpm. may Hall, the Control Personality for the 


be accurately selected by turning a dial. month (page 23), completed negotia- 


Operator’s control station, located for conven- tions with 1 he Martin Co. to join the 
ience and efficiency, has start, stop, run, jog ee oe oe — 
: a Succeeding Hall as general manager 0 

Rana Gee epee See: the Bendix Research Laboratories Div. 
of Bendix Aviation Corp. is Winston 
re E. Kock, formerly chief scientist of 
the Systems Div. of Bendix, who takes 


$76 200 List price— % hp. model, 220 or 440 v on the additional title of division 
— a-c. Includes control unit, operator's director. 
station and drive motor. era 


Also available — dynamic braking, reversing. 


will oversee the 
technical end of the Titan ICBM 

RELIANCE ELECTRIC AND, project. He comes to Martin after 
ENGINEERING CO. eight years at Bendix, four of them as 


head of the Detroit research labora- 
DEPT. 523A CLEVELAND 17, OHIO tories. He taught at MIT from 1937 


Sales Offices and Distributors in principal cities to 1950. and during this period 


founded and became the first director 
of the institute’s Dynamic Analysis & 


JUST pinnae ‘ — compe a — has been 

hief scientist the ; Svstems 

LOGICAL DESIGN of FOR SAFETY’S SAKE bi. since 1956, Fier he served 
d bett k t director of research for the Baldwin 

DIGITAL COMPUTERS an er WOrk, 600... | Piano Co. and director of acoustics 


By MONTGOMERY PHISTER, JR., research and of audio and video sys- 
Thompson-Ramo-Wooldridge Products, Inc. tems research for Bell Telephone Lab- 


; ' , oratories. He developed the electronic 
Describes and interprets various techniques, organ for the former company; for the 
using synchronous circuit components ai- Li tt died a coatihe 
most entirely; and demonstrates their prac- atter, ne deveioped the waveguide 
tical application in the design of digital microwave lens, the artificial dielectric 
systems by the logical-equation method. KNIVES lens, and the acoustic lens. 

The many simple, yet pertinent examples Both Hall and Kock hold Eta Kappa 
of how to use these techniques enable e's Cletteniinn % ge te 
you to apply them readily to other com- us utstanding iloung Engineer 


puting configurations. Interchangeable blades fh g award, and both are fellows of the 


, aa , : : IRE. 
You will find these detailed discussions for all cutting, 
especially valuable: The Veitch Diagram = har 
method of simplification of Boolean equa- slicing, trimming, 
tions. The “‘difference-equation” approach ‘ing inhe| \ 
to memory elements. The Huffman-Moore slitting jobs! ™ PH. Perry Smith, assistant director 
model of digital systems. The complete ts annie : ds he 
solutions to flip-flop input equations. The i ~ of pei e os Spring <cep. 
systematic method for complete computer r . Se Oey ast year, has succeeded 
design. Franz P. Zimmerli, who retires as di- 
1958 408 pages illus. $10.50 , rector after more than 30 years with 
nissan oe ceceia the company. At the same time, direc- 
= Suction oltisies ant tion of all research activities shifts 


safety with a blade shaped ») ayKy > 
reyes Sects ag! amet from Plymouth, Mich., to a new re- 


order! $1.00 for knife han- search center under Smith, at the com- 
dle and sample blade as- 


sortment. Catalog of pany’s home base in Bristol, Conn. 
complete knife and blade Pas * ‘ 

line on request. Zimmerli came to ASC as director of 
If you have any special research in 1955. Before that he had 
requirements for cutting : 

tools, call us at once. been with the company’s Barnes- 


He h Gibson-Raymond Div. as chief engi- 
lanhieroft bole we. eee : 
— 3 neer. His contributions to the art of 
A division of X-acto, Inc. : * 
48-41N Van Dam Street spring-making and to the science of 
SS SS metallurgy are outstanding. Smith 





Other Important Moves 


| 1 JOHN WILEY & SONS, Inc. 
440 Fourth Ave., New York 16, 
Please send me a copy of LOGICAL DESIGN of 


| DIGITAL COMP U TERS to read and examine ON 
APPROVAL. In 10 days I will return the book and 
owe nothing, or I will remit $10.50, plus postage 








Address . 


City ... Zone ....State 

| oO SAVE POST AG 1B "Che ack he if you ENCLOSE 
payment, in which case we ear the postage Same 
return privilege, of course. 
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SRSSe SERRE Oe Be EHH 
Need a“SPECIAL” TIMER 


...need a -STAN DARD” ? 


yy Seeeeeees on 


+—+ 


Here’s why 
WE can give you the 
fastest service 


When you want a timer, you want one that fits 





your needs 100% — and you want it fast. Get in touch 
with Industrial and you'll get both. Because 


In our 20 years of experience, we have developed 
over a thousand combinations from our 17 basic types, 
meet the widely varying needs of our customers 
Interval = Therefore — many jobs that would seem to require a 
Timers bs a ESS 3 special” timer are in fact a “standard” timer with us 
, ‘ Here is one tremendous saving of time for you 


When you do need a special timer, this same wealth 





of experience goes to work for you at once to design it 





Our Engineering Department not only originates new 
designs, but also develops modifications for that purpose 
That's why requests for special timers can be 

filled without delay. 

Each method — designing for a standard timer or 
for a special timer — has its advantages. Designing for 
an already available timer means lower costs, 
faster service, simplified replacements 


Designing for a special timer has its advantages too. 
It means you'll fulfill your needs 100 no need to 
limit your designing horizons. Either way 
standard or special — you'll get the timer you want 
most promptly from Industrial. 


Or perhaps you need quick service on timers for 
automatic controls. Here too Industrial Timer is your 
first source of supply. For in this field 
Industrial has a big head start. True, each automatic 
control job is a bit different from the rest 
But the record shows that our years of timer experience 
has given us the special knowledge it takes to give 
you the right answers in near-record time 


So, for the utmost in all-round timer servi 
Industrial that offers you this outstanding cor 
deliveries “Immediate on Standards . . . First on Specials.” 
Plus the experience of one of the foremost group 
of timer engineers in the nation. 


Timers that Control TIMER | INDUSTRIAL TIMER CORPORATION 


the Pulse Beat of Industry 1419 McCARTER HIGHWAY, NEWARK 4, N. J. 
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| WHAT’S NEW 


THE 

ELEMENT 

OF 
ENVIRONMENT 


To one looking beyond the four walls of his office, environment 
might be defined as the sum of (1) work responsibilities and 
(2) colleague personalities. 

The engineer we seek could not fail to be stimulated by work 
involving advanced computer input-output equipment, specifically 
simulation devices, in the largest man-computer system in the 
nation and by (2) colleagues with considerable attainments in 


systems engineering, behavioral sciences and computing. 





SETTER RT 
The position requires at least three years’ experience, pref- 

erably in a combination of the following fields: electro-optical 

equipment, photo-chemistry and circuit design. 

NOR ET A RAR NESTE IE GEREN 
You are invited to write for more information or phone col- 


lect. Address R. W. Frost, System Development Corporation, 2430 
Colorado Avenue, Santa Monica, Calif.; phone EXbrook 3-9411. 


SYSTEM DEVELOPMENT CORPORATION 


An 


162 


independent nonprofit organization, formerly a division of the Rand Corporation 
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most recently was with Underwood 
Corp. as manager of the General Re- 
search Laboratory at Hartford, Conn. 

P Two significant appointments by 
the Leland Electric Div. of American 
Machine & Foundry Co. spotlight 
Joseph E. Mulheim, named director 
of aircraft products enginecring and 
manufacturing, and Hayes Crapo, 


J. E. Mulheim Hayes Crapo 


named chief engineer of aircraft prod 
ucts. Mulheim joined Leland in 1955 
as chief engineer; before that he held 
kev design and administrative posts in 
the aircraft electrical accessories field. 
Crapo, his successor, joined Leland as 
a design engineer in 1956; earlier, he 
had been with Westinghouse 

> Stanford B. Spracklen, co-devel 
oper of the first industrial gas chro 
matograph for continuou stream 
analvsis and control, has been named 
associate director of research and engi 
neering for the Process Instruments 
Div. of Beckman Instruments, Inc. 
His specific area will be continuous 
operating analytic instrumentation for 
the process industries, particularly gas 
chromatographs and their application 
to chemical, petrochemical, and petro 
leum plants. ‘Two appointments in 
the Scientific Instruments Div. are 


akin to Spracklen’s Thev involve 


James E.. Stewart, named senior chem- 
ist in infrared applications, and Don 
W. Carle, named chief project engi 
neer of the Gas Analyzer Section. 
Spracklen for 13 vears was supervisor 
of instrument R&D for Union Car 
bide Chemicals Co., where the gas 
chromatograph was developed. Earlier 
he was with Cities Service and Atlas 
Powder Co. Stewart, a_ physicist, 
comes from the National Bureau of 
Standards, where he did work in infra 
red spectroscopy. Carle, formerly a 
research chemist with Stauffer Chemi 
cal Co. of Torrance, Calif., will over 
see design and development of gas 
chromatographic instrumentation. 

P Tracerlab, Inc., has appointed 
George Manov, formerly with the 
AEC and a pioneer in the develop 
ment of isotope applications, techni 
cal director of the Reaction Monitor 





Newest strain-measuring 


equipment from Baldwin 


Foil gages shown above are enlarged to twice their oct 


NEW SR-4° strain indicator and 
NEW SR-4 bonded foil strain gages 


Type N SR-4 Strain Indicator 


This new, improved strain indicator features printed circuits 
and transistors, weighs one-third less than the previous model 
and has a smaller case. No warmup is required. In inter- 
mittent service its batteries last up to five times as long and 
cost two-thirds less. The legs of the case are positioned to 
permit tilting for improved readability. For direct readings 
with full external bridge, no calibration correction is required. 
Used as a preamplifier with standard cathode ray oscilloscope, 
it gives visual indication of dynamic strain with better response 
and in a broader range than the previous model. Frequencies 
up to 300 cps at amplitudes up to 3500 microinches per in. 
can be observed without appreciable distortion. 


SR-4 Bonded Foil Strain Gages 


Two new types of foil gage in 4% in. gage length, 120 ohms 
resistance, now make many types of stress analysis possible 
with new accuracy and ease. A Bakelite-bonded gage, Type 


FAB-2, and a quick-drying paper-and-cement-bonded gage, 
Type FAP-2, have marked advantages over comparable 
standard bonded wire strain gages. Hysteresis is now so low 
as to be negligible for stress analysis. Fatigue life of the paper 
gage matches that of comparable wire gages—that of the 
Bakelite gage is longer. Lateral strain sensitivity of both is 
down by one-half, offering new accuracy in measuring biaxial 
strains. The quick-drying paper gage is quick and easy to 
install. The Bakelite gage offers such attractive features as 
dependable service at 300°F or higher. It is thinner and more 
flexible than comparable bonded wire gages—requires no 
preforming for curved surfaces and is thus easier to apply. Its 
glass fiber filler makes it less sensitive to moisture effects. 


Both new foil gages have tinned lead wires, well anchored 
and easy to connect. Both gages are now stock items fo! 
prompt delivery. For more information on this or other Bald 
win stress analysis equipment, write to Electronics & Instru 
mentation Division of B-L-H, Dept. 6-B, Waltham, Mass 


Or we will have a representative call on you at your 


BALDWIN: LIMA: HAMILTON 


Blectronics & Instrumentation Division 
Waltham, Mass. 


SR-4® strain gages 


e Transducers 


® Testing machines 





W&T 

ABSOLUTE ale 

PRESSURE 4. 

INDICATOR 4 Bis atl 
FA-160 | 


yay 


m4 
a 


6” dial 


Measures pressure from 
yA Lome .\:}-10) 85) 5 3 
to Atmospheric 


ABSOLUTE PRESSURE INDICATOR 


... For Precise Vacuum Work 


1/300 of full scale 

1/500 in all ranges 

0-50mm Hg. 0-100mm Hg. 

0-200mm Hg. 0-410mm Hg. 

0-800mm Hg. 390-800mm Hg. 

Dial Sizes: 2%,” or 6” diameter for all ranges 
Write for Publication No. TP-28-A 


Accuracy: 
Sensitivity: 
Ranges: 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET. BELLEVILLE 9, NEW JERSEY 





In Canada, Wallace & Tiernan, Ltd. — Toronto A-108-1 





sat, @ 


teks — o : 

ELECTRO RuUST-PROOFING 
CORPORATION 

30 MAIN STREET, BELLEVILLE 9.N. J. 





CONTROL ENGINEERING 





| WHAT’S NEW 


ing Center in Richmond, Calif. About 
his appointment, Tracerlab President 
S. S. Auchincloss had this to say: 
“Isotope ultilization has proved to be 
the fastest-growing and most profitable 
development in the nuclear field, far 
outstripping atomic power. As com- 
petition increases with the rapid 
growth in the use of isotopes, Dr. 
Manov’s knowledge in the nuclear 
field and his wide acquaintance with 
isotope applications will certainly help 
[racerlab maintain the position of 
leadership it has acquired in the ap- 
plied radiation business.” 

> The new vice-president of engi- 
neering and manufacturing of Non- 
Linear Systems, Inc., is William C. 
McDonald, who has been works man- 
ager since 1957. A physicist, and an 
easterner, McDonald was connected 
with MIT’s Lincoln Laboratories, Cor- 
nell Dubilier Electrical Corp., and 
Hartford Empire Co. before heading 
west to join Non-Linear Systems as 
director of research in 1956. 

> Cuthbert C. Hurd, director of au- 
tomation research for IBM, has been 
elected president of the board of trus- 
tees of the Foundation for Instru- 
mentation Education & Research. 
Other new officers of the _ board: 
Robert J. Jeffries, president of Data- 
Control Systems, Inc. (CtE, Feb., p. 
169), vice-president; W. W. Garey, 
publisher of Controt ENGINEERING, 
treasurer, and Rowland Burnstan, 
president of Borg-Warner Interna- 
tional, secretary. 


Obituaries 


Leland K. Spink, 58, engineer in 
charge of flow measurement at The 
Foxboro Co., at Foxboro, Mass. 

James H. Critchett, a retired vice- 
president of several divisions of Union 
Carbide Corp., at his home in Or- 
leans, Mass. 

Basil M. Goldsmith, 49, material 
control manager of the Industrial 
Tube Div. of Allen B. Du Mont Lab- 
oratories, Inc. His home was in 


Rutherford, N. J. 


A Correction 


Allen Easton is vice-president of the 
new Marketing Div. of General 'Tran- 
sistor Corp., and Jerome Fishel is as- 
sistant vice-president and manager of 
applied electronics. These changes 
were reported incorrectly in January. 





For More 
Information 


from ADVERTISERS 
FILL IN THE CARD 





about 


NEW PRODUCTS 
CIRCLE THESE NUMBERS 





to get 
NEW BULLETINS 


& CATALOGS 


CIRCLE HERE 
THE NUMBER YOU 
SELECT HERE 





100) HIGH-PRESSURE CYLINDERS. 


The Oilgear Co, Bulletin 71000, 8 pp. 
Covers a complete line of all-steel, double- 
acting hydraulic cylinders for pressures up 
to 2,000 psi. Units are classified accord- 
ing to the type of mounting provided 
Also includes a table of pushing and pull- 
ing forces for fluid pressures from 300 to 
2,000 psi 

101) HIGH-SPEED INSTRUMENTS 
George Kent, Ltd. Publication 993, 8 pp. 
Introduces the Commander line of high- 
speed electronic instruments for indicat- 
ing, recording, and controlling applications. 
Design and ction features are dis- 
cussed with particular emphasis on front 
and back accessibility. Back cover pro- 
vides dimensions and mounting details. 
102) MILL REGULATOR. Reliance 
Electric & Engineering Co. Bulletin 
K-2503, 6 pp. Describes the dual-circuit 
VSMR Mill Regulator, an electronic fail- 
safe unit that provides precise regulation 
of line speed, voltage, and tension for all 
continuous-process industries. Photos illus- 
trate the various components 

(103) “ADD-SUBTRACT” COUNTER. 
Eagle Signal Corp. Bulletin No. 740, 2 


constru 


ADVERTISER 
































15 16 
24 25 
33. 34 
42 43 
51 52 
60 61 
69 70 
78 79 
87 88 
96 97 





105 
114 
123 124 
132 133 
141 142 
150 151 


106 
115 


pp. Provides data on the operation and 
application of a new counter for count 
control between two limits, actuated by 
“add” and “subtract” pulses. Dimension 
drawings, wiring diagram included. 

(104) ENGINE INDICATOR. Kistler In- 
strument Corp. Bulletin EA-114, 4 pp 
Photos and typical pressure diagrams il- 
lustrate the versatility of the SLM Engine 
Indicator, a combined electronic pressure 
indicator and engine analyzer. 

(105) ALARM SYSTEM. Richardson 
Scale Co. Data Sheet 5703, 2 pp. Ex- 
plains the operation of a new alarm sys- 
tem for automatic protection against coal- 
supply failure in pulverizer or stoker-fired 
operations. Drawings illustrate a magnetic 
impulse switch and the control circuitry 
for the entire system 

(106) ROTARY COMPRESSORS. Amer-. 
ican Brake Shoe Co. Booklet, 8 pp. Uses 
cutaway diagrams to explain the operating 
principles of a new line of rotary air 
compressors. Describes special features 
and offers detailed mounting specifications. 
(107) COMPUTER APPLICATION. 
Computer Div., Bendix Aviation Corp. 
Application Report No. 5, 4 pp. A de- 


CONTROL ENGINEERING 
MARCH 1958 


NOT GOOD IF MAILED AFTER JUNE 1, 1958 


POSITION 
COMPANY ..... 
ADDRESS .... 


CITY AND STATE 


Please type or print plainly 


CONTROL ENGINEERING 
MARCH 1958 


NOT GOOD IF MAILED AFTER JUNE 1, 1958 


NAME 
POSITION 
COMPANY 
ADDRESS 


CITY AND STATE 


Please type or print plainly 


tailed, illustrated report on how the Ben 
dix G-15 general-purpose digital « 
saves both time and manpower on th 
design of complex can 

(108) INSTRUMENTS FOR pH 
man/Process Instruments Div 

5400, 8 pp. Provides det 

and specifications on 

pH instruments, electrod 

(109) ELECTRIC MOT 

Electric Co., Inc. Cat 

8 pp. Illustrates a lir 

neered fractional-hor 

cial mention is giver 

submersible deep-well n 

sible explosion-proof 
vides service factors ot indard 
(110) PNEUMATIC INSTRUMENTS 
U. S. Gauge Div. of American Machine & 
Metals, Inc. Catalog 51 16 pp. D 
scribes a complete line : r COI 
trollers for temperatur 
trol, transmitters for 
and various receiver 
some new pressure elet 
tables of ranges, el 
and bulb lengths 

(111) ULTRAVIOLET 
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Analytic Systems Co. Bulletin 60, 4 pp. 
Describes the operation, specifications, and 
applications of the Model 60 Ultraviolet 
Unit for continuously analyzing compo- 
nents in a flowing gas or liquid. Various 
modifications and accessories mentioned. 
(112) SILICON RECTIFIERS. Transi- 
tron Electronic Corp. Data Sheets TE- 
1351B and 1351B-1, 2 pp. each. Provides 
maximum ratings and specifications on re- 
cent additions to the company’s expanding 
line of axial-lead silicon rectifiers for mih- 
tary and industrial applications. 

(113) LOW-COST INFRARED. Beck- 
man/Scientific Instruments Div. “Infrared 
Notes”, Vol. 3, No. 2, 4 pp. Informative, 
illustrated bulletin features the low-cost, 
double-beam IR-5 Spectrophotometer for 
routine infrared analyses. Also provides 
data on the applications of the IR-4 
model, and an index of company literature 
on spectrophotometry, gas chromatogra- 
phy, and pH 

(114) QUALITY TRANSFORMERS. 
Hermetic Sea) Transformer Co. Catalo 
No. 102, 28 pp. Covers standard _ 
custom transformers, filters, reactors, and 
toroids for applications requiring hermeti- 
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cally sealed components. Tables of electri- 
cal specifications and case dimensions are 
included. 

(115) SYNCHRONOUS CONVERTER. 
George Kent, Ltd. Publication 994, 12 pp. 
Reviews the principal features and specif- 
cations of a new synchronous converter 
and offers eight full pages on application. 
Diagrams illustrate some of the more 
common modulating and demodulating 
circuits. 

(116) BOILER CONTROLS. Blaw-Knox 
Co. Bulletin 1038, 12 pp. Using a 900,- 
000 Ib/hr boiler as an example, the bulle- 
tin gives a detailed description of the 
combustion controls and a completely 
automatic soot blowing system. A 2-page 
schematic shows a simplified hook-up of 
all components from the primary elements 
to the pneumatic actuators. 

(117) POWER SUPPLIES. Hyperion, 
Inc. 4-page folder. Describes a new line 
of transistorized power supplies, both regu- 
lated and unregulated. Emphasizes such 
features as reduced size and high current 
capabilities. 

(118) TIMING MOTORS. Cramer Con- 
ols Corp. Bulletin PB-117, 2 pp. Offers 


complete technical, end de 
sign data on the company’s Series 117 
rmanent magnet synchronous motors. 
Specifications on five versions include 
torque ratings, speeds, shaft dimensions, 
etc. 
(119) VARIABLE AUTOFORMER. 
I-L-S Instrument Corp. Form 6240, 2 pp. 
Photos, drawings, and specifications out- 
line the features of a new explosion-proof 
variable autoformer for hazardous areas. 
(120) RUGGED CONNECTORS. De- 
Jur-Amsco Corp. Brochure, 4 pp. In- 
cludes general information, dimension 
drawings, and a table of electrical and 
mechanical ratings for a new line of micro- 
miniature connectors 
(121) TEMPERATURE REGULA- 
TORS. Spence Engineering Co., Inc. 
Bulletin No. 1012, 6 pp. Describes two 
new series of steam regulating valves with 
pilots for both fast and slow heat ex- 
changers. Selection tables and line draw 
ings of typical applications are also shown 
(122) ADJUSTABLE SPEED DRIVE. 
Louis Allis Co. Bulletin 2000, 12 pp. 
Stresses design features, installation, and 
applications of a new variable-voltage dc 
drive that uses ac as its power source. 
(123) CONTROLLED-VOLUME 
PUMPS. Milton Roy Co. Bulletin No. 
1157, 2 pp. Specifies capacities, pressures, 
and construction materials of a leakproof 
controlled-volume pump for metering cor- 
rosive, obnoxious, or toxic chemicals. Also 
describes the mechanica] actuation for 
correcting the volume delivered per stroke. 
(124) POSITIONING GEARMOTORS. 
The Jordon Co., Inc. Bulletin J101. In- 
cludes new information on the Shaftrol 
and Valvetro] shaft-mounted gearmotors 
for positioning valves, drives, pumps, and 
other equipment. Specifications on a new 
digital contro] system are also included. 
(125) TORQUE MOTORS. Inland 
Motor Corp. Catalog, 42 pp. Starts 
with # genera) discussion of the advan- 
tages o —- de torque 
motors and their overall specifications. 
Sixteen different types are described and 
illustrated with dimension drawings, per- 
formance curves, and rating tables. 
(126) ACCELERATION TESTING. 
The Rucker Co. Bulletin S-1. Covers the 
precision testing of simulated operational 
g-loadings using the company’s centrifuge 
acceleration test machines 
(127) SOLENOID DATA. G. H. Le 
land, Inc. Bulletin 1057-S, 12 pp. Con- 
tains de torque charts of basic solenoid 
designs, along with line drawings of each 
stock model. One page describes the 
B6162B full-wave rectifier and provides an 
electrica) data chart on its performance 
(128) FLOW RATE ALARMS. Brooks 
Rotameter Co. Bulletin 165, 4 pp. Both 
magnetic and electronic fluid flow rate 
alarms are described in this bulletin. 
Covers mechanical and electrical features, 
specifications, and operating principles 
(129) INSTRUMENT VARIETY. The 
Hays Corp. Publication 57-687-297, 12 
pp. This condensed catalog is actually a 
digest of specifications on instruments for 
transmitting, indicating, recording, and 
controlling process variables such as tem- 
perature, pressure, flow, and level. Also 


includes gas analysis equipment. 
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Transmission (‘‘B''—above) can 


be a 


system's weak link. Where continuous 
operation is required, look to Teletype. 


Why Teletype designs 


for continuous operation 


It was a must! Teletype cut its teeth 
working in railroad stations too far 
away for servicing, in newspaper and 
commercial telegraph jobs that ran 
around the clock, on the floor of the 
stock exchange where a breakdown 
could cost a fortune... and in rough 
hitches with the Armed Forces. 

The discipline demanded by these 
jobs is a part of each machine. 


Attention Free 


The Teletype Model 28 printer is 
designed for minimum maintenance. 
Lubrication interval at 100 word per 
minute speed is 1,500 hours—at 60 
word per minute it’s 3,000 hours! Mo- 
tors were specially designed for the 
Model 28, to give long, attention-free 
operation. The printer is not affected 
by tilting or severe vibration, works 
reliably even in mobile applications. 
Other attention-free features: 


1 New type box. Characters are con- 
tained in a compact, lightweight as- 
sembly. Each character is on a separate 
pallet—type alignment is built in, over- 
scoring and underscoring eliminated. 


The type box can be quickly removed, 
without tools, for cleaning or changes 
in type arrangement. 


= Tests at 100 WPM in continuous 
operation show 9,000,000 words 
printed, without servicing. Paper guides 
and pressure rollers are designed to 
provide straight-line paper feed, insur- 
ing accurate, continuous, paper align- 
ment. 


<3 All-steel clutches give firm, uni- 
form, and accurate engagement, cycle 
after cycle operate with excep- 
tional stability . . . deliver high torque 
capable of handling positive and nega- 
tive loads. Internal expansion principle 
in clutch design minimizes wear. Lubri- 
cation interval is reduced to once or 
twice a year. 


New—Versatile, too 


The Teletype Model 28 printer is a 
new instrument engineered to 
“‘cruise’”’ at 100 WPM. It is attractively 
styled and quiet in operation. 

Exclusive with the Teletype 28 


Printer is the versatile Stunt Box’, 
which is actually a “robot brain.”’ Re- 
sponding to keyboard or line signals, 
it may be used for internal control of 
extra functions in the Teletype printer 
and for remote control of associated or 
other electronic or mechanical equip- 
ment. 

For more information about this 
Teletype Model 28 printer—write to: 
Teletype Corporation, Dept. 20C, 4100 
Fullerton Ave., 


Chicago 39, Illinois. 


* In the early days of printing telegraphy, 
functions such as line-feed, carriage-re- 
turn, etc., were termed “‘stunts” and actuat- 
ed through function (or stunt) bars in the 
“stunt box”; hence, the designation. 
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General 
Purpose 
Relays 


MEASURE ONLY: 
1%"’x1%’x1h’" 


BUT CARRY: 

to 25 A. resistive at 115-230 V., 
mB. Gs thw. 326 V¥., 2 am. 
250 V., A.C.; D. C. and other 
higher ratings on request. 


CONTACTS: 


DPDT, Double Break-Double 
Make (Form Z). Special ar- 
rangements and sequence on 
request. 


MOUNTINGS: 


Socket, panel and sidewall ar- 
rangements standard; others 
to meet special needs. 


“Diamond H”’ engineers are 
prepared to work out varia- 
tions of these rugged, depend- 


» able relays to meet your spe- 


cific requirements in such ap- 
plications as automation 
controls, appliances and air 
conditioning equipment, or 
what you will. Just ask. 
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Hartford, Conn. 
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| asstracts 


Putting Error to Work 


From “Compensating Saturation in 

Feedback Control Systems by Ex- 

cess Error Storage” by S. S. L. 

Chang and R. W. Archbald, both 

of New York University. AIEE 

Transactions Paper No. 58-92, pre- 

sented at the Winter General Meet- 

ing, New York, N. Y., February 2-7, 

1958. 

A major cause of transient satura- 
tion in feedback control systems is the 
use of lead, or lead-lag, networks. 
While such networks are necessary to 
improve speed of response and sta- 
bility, they cause sharp peaks in the 
torcing function. Since these peaks 
are many times the normal value of 
the forcing function, the system is 
temporarily saturated, and responds 
sluggishly, often with large overshoots. 
Figure 1A, reproduced below, shows 
the block diagram of a typical Type II 
system with simple limiting. Transfer 
functions of the compensating net 
work, G,, and controlled system, G,,, 
are given as: 


lor a large step input, the plotted re- 
sponse of this system shows that while 
the output function f,(t) is a sharp 
peak, exceeding 150 volts, its effective 
portion f.(t) cuts off at 10 volts. As a 
result, the controlled system fails to 
reach the desired initial speed, and a 
large error tail is produced. 

The added storage element (the 
author’s Figure 1B) stores any input 





| element 


signal in excess of the saturation limit 
and applies it to the controlled system 
immediately after the input signal 
drops below the saturation limit. Here 
the plotted response curves show that 
the effective forcing function f,(t) re- 
mains at a maximum value some time 
after f,(t) has reversed sign. This ex- 
tended duration partially compensates 
for the lost magnitude, and system 
error is considerably reduced. 

Two alternative arrangements for 
excess signal storage are proposed: onc 
for the case where the output of the 
nonlinear element is accessible, the 
other for the case where this output is 
not accessible or can be obtained only 
at appreciable cost. This second ar 
rangement simply provides for the ad 
dition of a second nonlinear element 
matched to the existing one so that 
they both saturate at the same time. 
With idealized saturation curves, oper- 
ation of both arrangements is identical. 








I'he last figure (the author's Figure 
7) shows the details of the circuit 
developed for the storage of the excess 
error signal. Physically, 4, represents 
the saturating limits of the amplifier, 
and the time constant is obtained by 
shunting capacitor C across the input 
terminals of the amplifier. While the 
amplifier K. and capacitor C look very 
much like those found in most feed- 
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This is the 
Honeywell 3170 
precision tape transport 


a rack-mounted unit designed by the largest 
manufacturer of instruments and controls 


—to meet the most demanding requirements of 


analog magnetic tape instrumentation. 


Examine these brief specifications on the 
Honeywell 3170 high-performance tape 
transport—designed to provide unparalleled 
flexibility and performance in accordance with 
IRIG specifications. Complete mechanical and 
electronic data are available on request— 
including application engineering assistance. 
Performance 

Extremely low ‘“‘wow and flutter.”’ 

Tape speeds available from 60 to 1'4 ips.. 
selected by switch, without belt changes. 

Less than 2 seconds start time and 1 second stop 
time at 60 ips, with 14” reels. 

Fast forward and rewind. 

Flexibility 

Up to 14” reels with NARTB hubs standard. 
Plug-in, interchangeable, record and playback 
heads. 

In-field changeover for tape widths of 14" to 2”. 
Search and control capstan, optional. 


Features 

Precision-ground mounting plates assure per- 
pendicular head mounting on change of head 
stacks. 

Precision capstan drive assembly with multiple- 
speed hysteresis synchronous motor, operated 
from line, speed control servo, or precision- 
frequency power generator. 

Closed-loop isolation of tape path, with pre- 
cision, non-mechanical tape tension control of 
both supply and take-up reels. 

Honeywell multi-track heads—record and play- 
back—conform with IRIG specifications. 


Honeywell 











The complete Honeywell data acquisition 
system features direct, wide-band FM, 
multiplexed FM, or PDM data recording by 
means of plug-in amplifiers. Electronic 
components have low zero and gain drift with 
temperature and voltage changes. Signal! 
to-noise ratio exceeds IRIG specifications 


For detailed information, call your local 
Honeywell field engineer 
your phone. MINNEAPOLIS-HONEYWELL, 

10721 Hanna Street, Beltsville, Maryland. 


he’s as near as 


Fit uw Couttols. 
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follow 


Computer— Controls —Components 


Design—Development—Manufacturing 


You can be assured of ideal working conditions at well located Librascope. Why? 
Because of the physical plant: air-conditioned, ultra-modern; the location: at the 
edge of the foothills; near Los Angeles, Hollywood and the pleasant residential family 


areas of Burbank, Glendale, Pasadena. 


A company with highest professional and technical standards. If you are an M.E. or 
E.E., mathematician or physicist, interested in Analog or Digital Computers * Logical 
Electro-mechanical * Systems 
* Transistor Applications * Controls for commercial and Military Equipment, you're 
invited to investigate the opportunitiés at Librascope which has just held its 20th 
Anniversary—a sound, stable organization growing with automation. Write Glen 


fisrascore ; 


Design ¢ Instrumentation * Servo Mechanisms « 


Seltzer, Employment Manager. 
LIBRASCOPE, 


INCORPORATED 
808 Western Ave 


under ideal ABSTRACTS 


conditions at 


LIBRASCOPE uses 
the engineering 
project team 
method 





Write today for this 
interesting booklet 
about Librascope. 





FREE from Bit 


an informative 


booklet on 
“WHAT CLOSED CIRCUIT 
TV MEANS TO YOU” 


There are many applications with- 
in your organization that can be 
benefited by the use of closed cir- 
cuit (industrial) TV. This free 
informative booklet gives you the 
complete facts on closed circuit 
TV —what it is— how it works — 
the equipment necessary —a 
checklist of areas that can be 
benefited — how industry, educa- 
tion, etc. use closed circuit TV. 


Learn all about it today by writing: 











Blonder-Tongue Labs., Inc. Dept. CE-3 
9 Alling Street, Newark 2, N. J. 

Please send free booklet “What Closed 
Circuit TV Means To You.” 

Company name 
Name 

Address 
City______- Zone-—-State 


manufacturer of B-T Observer TV camera, DVM 
Video Monitors, Automatic Light Compensator 
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100 
decade 
interval 





WITH A MAXIMUM TIME INTERVAL OF I1.11 
SECONDS. 

This new Model 100 Decade Interval Timer is ap- 
plicable wherever an interval timer is required. It 
is primarily designed for industrial control applica- 
tions 

The Hunter Model 100 will meet your most exact- 
ing requirements for quality and performance. In- 
crease production . . . improve quality . . . what- 
ever the job, the Hunter Model 100 will do it better. 
Also available is the Model {11 Timer calibrated 
in hundredths of a second. Both models are made in 
regular and silenced version. 

Write for complete information and ask for a free 
catalog. 


=| HUNTER |= 


Manufacturing Company, Inc. 
108 North Linn St., Dept. C.E., lowa City, lowa 




















back control systems, there are two 
important differences: the saturating 
limits of the amplifier are matched 
and the value of C is extremely large. 
Ihe time constant of C is comparable 
to 1 /e, where w. is the gain crossover 
frequency in rad/sec. For relatively 
smal] inputs, the system is unsaturated, 
and the effective time constant of the 
storage circuit can be made negligible 
by selecting a large value for K.. 
Techniques for analyzing response 
and signal stability are also presented. 


Controls Up To 60 Watts 


From “A Thermionic Rheostat for 
Automatic Control” by E. G. Hop- 
kins, New South Wales University 
of Technology. Presented in the 
Proceedings of the IEE, Paper No. 


2288M, April 1957 (104A, p180). 


This paper describes an experi- 
mental thermionic rheostat called an 
“evatron”, in which the spacing be- 
tween two thermionic cathodes is con- 
trolled by rotating the tube _ itself 
while one cathode is held stationary 
by an external permanent magnet. En- 
closed in a glass envelope, the tube 
will control ac loads of up to 60 watts 
when operated as a series resistor from 
a 240-volt line. Three experimental 
closed-loop systems are used to demon- 
strate the versatility of this device. 
These systems include a_ simple 
position control, a velocity-integral con- 
trol for moving materials, and an air- 
flow control. In each case a mechani- 
cal error signal initiates contro] action. 


Aircraft Engine Controls 


From “The Electrical Control of 
Power Plants” by G. M. Sturrock, 
Ultra Electric, Ltd. Paper presented 
at the Sixth Anglo-American Aero- 
nautical Conference, Folkestone, 
England, Sept. 9-12, 1957. 


After a brief introduction to the 
problems of electrical and electronic 
engine controls, the author examines 
a specific commercial controller, the 
Electric Throttle used in Britannia air- 
craft. Consideration is given to the 
numerous requirements that beset the 
designer: in general, reliability, bulk, 
weight, ruggedness, and performance. 
Operating principles are discussed, to- 
gether with the philosophy of safety 
that evolved. The description of the 
magnetic amplifier in the system is 
written so that anyone with even an 
elementary knowledge of electrical and 
magnetic theory can understand it. 





Sola tailors DC power supplies 
to fit your mechanical requirements 


Shown above are three of the many Constant Voltage 
DC Power Supplies Sola has designed to special order. 
From chassis for standard relay rack mounting, to base 
plates of varying size and shape, Sola can provide you 
compact, regulated DC supplies in the : 


‘ 


‘ampere’”’ range 
designed to fit your mechanical requirements. 

The unique combination of a Sola Constant Voltage 
Transformer, a semi-conductor rectifier and high capa- 
citance filter provides substantial quantities of power in 


SC\A. 2a 


a relatively compact space. Another important feature 
is the ability to handle large transient or “‘pulse” loads 


Sola DC supplies provide output regulation of | 
with line voltage variations as great a 15 These 
units have no moving parts, require no mechanical ad 
justments or maintenance. For further information on 
special DC power supplies designed to your electrical 
and mechanical specifications, write to Sola Electric 
Co., 4633 West 16th St., Chicago 50, Illinois 


E Qaip 


CONSTANT VOLTAGE TRANSFORMERS © LIGHTING TRANSFORMERS © CONSTANT VOLTAGE oc POWER SUPPLIES 
SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © BRANCH OFFICES Boston Ma Cleve o; K s 


Mo.; Los Angeles, Calif.; New York, N. Y.; Philadelphia, Pa.; San Francisco, Calif.; New Haven, Conn 


Representative Other Princip ol Cit es 


Sola Electric (Canada) Ltd., Toronto 14, Ontario: 24 Canmotor Ave., CLifford 1-1147 
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DAVIS GAS ALARM 
AYES) 


fol amore) ahaialelell-m-ta-r-| 


pares esneel mare 


e low cost 

e high 
sensitivity 

e minimum 
maintenance 





Utilizing a highly sensitive thermo- 
couple-type catalytic filament, the 
new Davis Gas Alarm system 
provides the ultimate in dependa- 
ble, full-time area monitoring. 
Design simplicity keeps initial cost 
low and practically eliminates 
maintenance. Electrically ‘‘fail- 
safe” circuitry and signals may be 
checked out at any time by means 
of a push button. 


WRITE FOR 
BULLETIN 11-30 


... get full facts on why 
the Davis Gas Alarm 
System offers a better 
solution to your gas 
monitoring problems. 


A Division of Davis Emergency Equipment Co., inc. 
265 Halleck Street Newark 4, N. J. 


CONTROL ENGINEERING 


NEW BOOKS 


Monthly Computer Roundup 


Computers. A monthly _biblio- 
graphical bulletin on electronic com- 
puters. Published by The Bureau 
of Technical Information, Iota 

Services, Ltd., 38 Farringdon St., 

London, E.C.4, England. About 

$18 a year. 

Published in England on the first 
of each month, this bulletin provides 
a fairly complete record of everything 
available — in Great Britain, the 
United States, and elsewhere — on 
computers and their application. 
Books, articles, technical films, and 
patents are covered, as well as reports, 
exhibitions, and trade literature. Many 
of the entries are accompanied by 
a short abstract. 

The scope seems to be design and 
application literature on analog and 
digital equipment, with a little more 
specific treatment of the application 
material. 


Paper Controls 


Putp AND Paper Mitt _Instrv- 

MENTATION. FE. ]. Cole and M. 

Todd. 117 pp. Lockwood Trade 

Journal Co., Inc., 15 West 47th 

Street, New York. $3.50. 

Intended as an elementary guide for 
paper-mill instrument mechanics, this 
slim volume gives the qualitative prin- 
ciples of control and controllers, fun- 
damentals of paper- and board-making, 
and detailed descriptions of special 
ized pulping processes. 

Simply and nonmathematically 
written, it takes the beginner in paper 
mill instrumentation through the 
methods of measurement of variables. 
Temperature, pressure, flow, pH, con- 
ductivity measurements are all briefly 
dealt with, and are followed by an 
explanation of automatic control cover- 
ing proportional control with both in- 
tegral and derivative action. Here the 
book takes its one dive into mathe- 
matics, only to be bedeviled with 
typographical errors. 

Following these introductory sec- 
tions are two chapters on paper- and 
board-making, indicating the points 
at which controllers and recorders are 
normally installed. 

(he final sections deal in detail with 
individual processes, such as the kraft 
pulp mill, the sulphite pulp mill, con- 
tinuous semi-chemical pulping, bleach- 
ing plants, and the groundwood mill. 
For each, the recorder and controller 
are located in a flow diagram and their 
functions described. 


Written by paper-mill instrument 
men, this book provides good back- 
ground material for instrument train- 
ees in the paper industry. The con- 
cluding chapters provide a run-down 
on the organizations and duties of a 
mill instrument department, and an 
appendix shows how such a depart- 
ment should be developed. 


British Contribution 


PRINCIPLES OF ELECTRICAL MEas- 

UREMENTS. H. Buckingham and 

E. M. Price. 600 + xxiii pp., illus- 

trated. Published by Philosophical 

Library, Inc. New York City, 1957. 

$15.00. 

Though this book was designed pri- 
marily for advanced electrical engineer- 
ing students and those preparing for 
Part III of the British IEE Examina- 
tion and other certifications, it can be 
a valuable addition to an instrument 
engineer’s library. 

Chapters I and II cover deflectional 
instruments and _ various application 
techniques, a fitting approach to the 
subject in view of the fact that most 
electrical engineers make their first 
contact with electrical measurements 
through the medium of indicating in- 
struments. In Chapter III, on po- 
tentiometer measurements, some of 
the less common but more accurate 
techniques are considered. 

Before the next subject, bridge 
methods, the authors have inserted a 
chapter on measuring systems, dimen- 
sions, and standards. At first this may 
appear to disrupt the continuity of 
the book, but it soon proves its value 
in providing a fuller understanding 
of the material that follows. 

The chapter on bridge methods de- 
scribes their advantages and _limita- 
tions, and outlines some of the less 
common bridge network develop- 
ments. A chapter on oscillations and 
vibrations provides an excellent review 
of the differential equations involved 
and their usefulness in studying the 
transient response of various circuits. 
The cathode rays oscillograph and its 
application are also treated here. 

Electronic devices and resonance 
methods appear in Chapters VII and 
VIII. These are followed by separate 
chapters covering measurements in 
power systems, integrating meters, 1n- 
strument transformers, and magnetic 
measurements. The last chapter covers 
the electrical measurement of some 
nonelectrical quantities and illustrates 
some of the more important tech- 
niques in this class. 





for missiles 
aircraft 
radar 
sonar 
fire control 
navigation 
and industrial 


applications 


SERVO CONTROL SYSTEMS 


If you are involved in the design or specification of 
servo control systems, you'll want to learn more about 
the new policy behind Daystrom Transicoil—and what 
it can mean to you in the purchase of anything from 
a single servo motor to a complex control system. 


QUALITY—The same high quality that made Daystrom 
Transicoil grow to its present size, serving the 
Armed Forces, is now available on a volume basis 
for components, assemblies, and systems. 


QUALIFICATION—To maintain this quality through 
expansion, special quality control systems accept- 
able to all government approving agencies have 
been established. 


ENGINEERING—Research and development for the de- 
sign, engineering, and production of systems to 
your specific needs have been expanded. In addi- 
tion, a special corps of Daystrom Transicoil en- 
gineers, backing up field representatives, will 
give you close liaison with the factory. New 
engineering data will provide you with valuable 
design assistance. New catalogs will enable you 
to specify much easier. 


DELIVERY—Units in inventory are shipped immedi- 
ately. On all others—prototypes, systems, spe- 
cial components—delivery will meet your require- 
ments. 





AVAILABILITY —New production programs are stock- 
piling all popular components so that you'll be 
able to get synchros, moto and motor gener- 
ators equipped with gear trains all faster than 
ever before. 

You can find out about these new advantages in terms 

of your own needs by calling your nearest Daystrom 

Transicoil representative. Or, write, wire, or phone 

current requirements to the plant. 

Motors and Motor Generators—Sizes 8, 9, 11, 15, and 18,) 

available for either or both 60 and 400 cycle operation 


Gear Trains—Matched to servo components 


Synchros—Transmitters, Control Transformers, Differentials 
and Inductive Potentiometers. 


Amplifiers—Tube and transistorized types designed to your 
needs. 


Systems—Designed, engineered, and b 
cification. 


DAYSTROM TRANSICOIL CORP. 


a subsidiary of Daystrom, inc. 
IN CANADA Dayst B4 aled F 


Phone: Juno 4-2421 FOREIGN: [ 


Worcester, Montgomery County, Pa. 
SEE US AT THE I.R.B. SHOW—BOOTH 1901 
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For 
SERVO MOTORS 
and 
MOTOR GENERATORS 


*TRANSLATION: You Can’t Beat 
The Bendix “Supermarket” 


Our “supermarket” of rotating compo- 
nents offers a larger high- 
precision, low-inertia servo motors, rate 
and generators 
than anv other single source. Bendix units 
are available in frame sizes 5, 8, 10, 11, 
15, 20 and 28; they meet or exceed 
practically any applicable specification 
and include both corrosion-resistant and 
high-temperature models. Volume-pro- 
duction prices. Immediate delivery in 
manv cases. Why not find out about our 
‘supermarket’ service ! 


variety of 


generators servo motor 


FEATURING 
CENTER-TAPPED 
CONTROL 
WINDINGS ... 


. for use in transistor circuits and for 
either parallel or series operation. Reduce 
size and weight of transistorized packages 
by eliminating coupling transformers. 
Standard models, or will wind to meet 
your specific requirements. 


EKclipse-Pioneer be 
Division 


Teterboro, N. J. 


AVIATION CORPORATION 


District Offices: Burbank and San Francisco, Calif.; 
Wash.; Dayton, Ohio; and Washington, 

Export Soles & Service: Bendix International 
Division, 205 E. 42nd St., New York 17, N. we 
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WHAT'S AHEAD: MEETINGS 


MARCH 


American Institute of Chemical En- 
gineers, 1958 Nuclear Congress, 
Paimer House and Amphitheatre, 
Chicago March 16-21 

Institute of Radio Engineers, 1958 
National Convention, New York 
Coliseum, New York March 24-27 

Fourth International Instrument 
Show, Caxton Hall, Westminster, 
London, S.W, | March 24-29 

American Power Conference, 20th An 
niversary Meeting, Hotel Sherman, 
Chicago March 26-28 


APRIL 


Instrument Society of America (New 
Jersey section), Tenth Annual Sym- 
posium—Control Systems Engineer- 
ing—Hotel Newark, 
N. J. \pril | 

American Society of Mechanical En- 
gineers, Fourth IRD Conference, 
University of Delaware, Newark, 
Del \pril 2-4 

Institute of Radio Engineers, 10th 
Southwestern Conference & Elec 
tronics Show, St. Anthony Hotel 
and Municipal Auditorium, San An 
tonio, Tex. April 10-12 

American Institute of Electrical En- 
gineers, Automatic Techniques Con- 
ference, Hotel Statler, Detroit 

April 14-16 

22nd Annual Machine Tool Electri- 
fication Forum, Hotel Statler, Buf- 
falo, N. Y. April 22-23 

Electronic Components Conference, 
sponsored by IRE, AIEE, Ambas- 
sador Hotel, Los Angeles. 

\pril 22-24 


Essex House, 


MAY 


Instrument Society of America, Fourth 
National Test Instrumentation Sym 
posium, Park Sheraton Hotel, New 
York May 4-7 

Institute of Radio Engineers, Western 
Joint Computer Conference, co 
sponsored by AIEE and ACM, 
Ambassador Hotel, Los Angeles 

Mav 6-9 

Instrument Society of America, 
Fourth National Symposium on In- 
strumental Methods of Analysis, 
Shamrock-Hilton Hotel, Houston 

May 12-14 

Institute of Radio Engineers, National 
Aeronautical and Navigational Elec 
tronics Conference, Hotel Biltmore 
Dayton, Ohio May 12-14 

Instrument Society of America, Na 
tional Conference on Svs- 
tems, New York 21-23 


Pow er 


May 





How to Design 


ELECTRONIC 
CIRCUITS 


Practical handbook gives 
you 











@ Clear explanations 
of basic theory 


@ Applications of 
theory to real de- 
sign problems 


e A wealth of needed design data 


THIS handbook of fundamentals and data 
will help you in the design of a types of 
electronic equipment. A larg nun 
the circuits used in many different 
covered, together 
technical discussions and 
design examples to show 
of theory, and graphical and 
needed in day-to-day design work. 
entire electronic field is < 
from vacuum tube and tr 
voltage and power 
such topics as computer 

n techniques, wavefor: 
inalysis. 

The aim throughout the 
detailed, practical 
clear and concise man- 
ner. The book covers 


) "an ee Font 10-Day 
of several sub- 
jects, Pe h je Saeaienan. FREE 
is not only unusually TRIAL 
EASY 
TERMS 
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theoreti- 
explana- 
application 
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tions 
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complete but by far 

the clearest explana- 

of the essentials 

( particular field 

vailable to the engi- 
er or designer. 











ELECTRONIC 


DESIGNERS’ 
HANDBOOK 


ROBERT W. LANDEE 
General Manager and 
Chief Electronic Engineer, 
Potter Pacific Corp. 


DONOVAN C. DAVIS 
Assistant Director 
of Engineering, 
Gilfillan Bros. Inc. 


ALBERT P. ALBRECHT 
Assistant Director 
of Engineering, 
Gilfillan Bros. Inc. 
1016 pages, 6 x 9, 
982 illustrations, $16.50 
EASY TERMS: 
$4.50 in 10 days, 
then $4.00 monthly 
until $16.50 is paid 


FREE EXAMINATION COUPON 





COVERS: 


* transistor circuits 
* computer elements 
*  servomechanisms 
and applications * 
* low-noise r-f am- 
plifiers * chopper- 
stabilized amplifiers 
* low-power trans- 
formers * antennas 
* and many more, 
for a complete cov- 
erage of the field 
of electronics 











McGraw-Hill Book Co., Dept. CON-3 
327 W. 41st St., New York 36, N. Y 
Send me Landee, Davis and Albre« 
TRONIC DESIGNERS’ HANDBOOK | 
examination on approval. In 10 days | w 
ne send you the full price $ 
{) $4.50, then $4.00 a t 
d. Otherwise, I wil 





medicine and missiles 


Because it represents a totally 
new idea, Decker’s T-42 ioniza- 
tion transducer has evinced 
interest from men engaged in 
both the taking of life and the 
saving of life. 


It has brought a hitherto un- 
known degree of accuracy to 
the study of the heart, of cancer, 
and the measurement of blood 
pressures . .. as well as the 
measurement of RAM and am- 
bient atmospheric pressure. 


But like nuclear energy, the 
T-42 has no soul. It can deal 
death or defy it as you wish. 





THE DECKER CORPORATION 


whenever a new development takes pla t is 
based on ionization and electrical gas discharge 
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WHAT’S AVAILABLE IN REPRINTS 


The following reprints have been prepared to make 
important reference-type editorial material available to 
ConTROL ENGINEERING readers in convenient filable form. 
Some reprints are individual articles, while others are ‘“‘pack- 
ages’ —several articles published over a period of time that 
logically supplement one another in the coverage of a specific 
phase of the control field. Any reprint can be obtained at 
the nominal cost listed below by filling in the order form and 
sending it, together with remittance, to Readers Service 
Dept. Quantity rates will be quoted on request. 


Survey of Numerically-Controlled Point- 
to-Point Positioning Systems, 72 pp. This 
complete series covers 31 domestic and 
foreign systems. Detailed operational and 
performance characteristics of each system 
are discussed. Individual parts of ‘series 
are also available as listed below. $1.25 

Survey of Numerically-Controlled Point- 
to-Point Positioning Systems—III, March 
1958, 16 pp. Includes nine machine tool 
control systems. 40 cents. 

Survey of Numerically-Controlled Point- 


to-Point Positioning Systems—II, February 
1958, 24 pp. Includes ten machine tool 
control systems. 50 cents 

Survey of Numerically-Controlled Point- 
to-Point Positioning Systems—I, January 
1958, 32 pp. Includes 12 machine tool 
contro! systems. 60 cents. 

Ready Reference Data Files, 24 pp. A 
must for every control engineer's library 
Includes the first 12 data files published 
in CONTROL ENGINEERING—a diversity of 
topics, from system reliability through the 


Reprint Order Form 




















CONTROL 





City & State...... 


ENGINEERING 


Reprint Unit price No. ordered Subtotal 
Point-to-Point Positioning Systems—1, Il & Ill $1.25 
Point-to-Point Positioning Systems —il $0.40 
Point-to-Point Positioning Systems—l $0.50 
Point-to-Point Positioning Systems —| $0.60 
Ready Reference Data File $0.50 
Servo Modulators $0.65 
The Uses of Digital Computers $3.00 
Analysis instrumentation —l $0.60 
Analysis Instrumentation—| $0.60 
Basic Data on Process Control $0.50 
How to Simulate Dead Time $0.15 
Power Amplifiers $0 50 
Static Switching Devices $0.50 
Automatic Logging Systems $0.50 
Astomatic Machining—A View and a Preview $0.50 
A Systems Analysis Predicts Performance $0.50 
Digital Application Series 
Programming Scientific Calculators $0.25 
Controlling a Process $0.25 
Sampled-Data Systems $0.25 
Analog-to-Digital Converters $0.25 
Fitting the Digital Computer into Control $0.25 
Digital Data Telemetering $0.25 
$0.15 
Basic Digital Series 
Computer Logical Design $0.25 
Programming the Computer $0.25 
Checking Techniques $0.25 
Total 


Readers Service Dept., Conrrot ENGINEERING 
330 W. 42 St., New York 36, N. Y. 





cost of industrial temperature-measuring 
svstems. Each one gives a method of sols 
ing a particular problem. 50 cents 
Servo Modulators—Their Application, 
Characteristics, and Availability, 36 pp. A 
group of four integrated articles covering 
all phases of electromechanical, electronic, 
solid-state, and magnetic modulators 
I'ypical circuit diagrams, characteristics, 
and applications are given for each type, 
plus an 84-item bibliography and tables 
listing commercial units 
The Use of Digital Computers in Sci- 
ence, in Business, and in Control, 112 
pp. A collection of 14 articles published 
over a period of two vears as the Digital 
Application Series. Prominent authorities 
cover the application, programming, over 
all system design, and commercial avail 
ability of digital computers in all phases 
of business, industry, and the military. $3 
Analysis Instrumentation—II—Refract- 
ometers, Infrared Analyzers, Photometric 
Analyzers, Colorimetry, 32 pp. This in- 
cludes the second group of four articles of 
the Analysis Series. 60 cents 
Analysis Instrumentation — I — Nuclear 
Magnetic Resonance, Chromatography, 
Radioactivity, 32 pp. This reprint consists 
of the first four articles of the Analysis 
Instrumentation Series: a general introduc- 
tion to set the stage, and detailed discus- 
sions of the three analysis techniques. 
Emphasis is on basic principles, practical 
tips, and the use of these techniques in 
automatic process control. 60 cents 
Basic Data on Process Control, 24 pp. 
\ grouping of five articles on flow-process 
control, including: Basic Concepts of Feed- 
back Control, Selecting Loops for Critical 
Control, Direct or Reverse Controller 
Actions, Modifying Valve Characteristics 
to Fit the Process, and Using Capacitance 
for Accurate Level Measurement. Prac 
tical information for every process control 
engineer. 50 cents 
How to Simulate Dead Time, 6 pp 
Three tricky techniques for simulating 
dead time or transport lag. One’s elec 
tronic, another is pneumatic-mechanical 
and the third uses magnetic tape. A use 
ful reference for control engineers con 
cerned with process simulation. 15 cents 
Transistor and Thyratron Power Ampli- 
fiers, 28 pp. These three articles—one on 
transistors and two on_ thyratrons—were 
prompted by the increasing control ap 
plication of transistors as low-power ampli 
fiers and thyratrons as high-power ampl: 
fiers. In each case the emphasis is on 
practical application, circuit design, system 


35 cents 


stabilization, etc. 50 cents 
Static Switching Devices—New ‘Tools 
for Industrial Control, May 1957, 28 pp 


An independent consultant analyzes th 
complete field of industrial static-switch 
ing systems. Starting off with a review of 
basic switching logic, he circuit 
characteristics of the fundamental devices 
commercially-available systems, actual ap 
plications, etc. 50 cents 

A Functional Analysis of Automatic 
Logging Systems, February 1956, 16 pp 
An examination of the various techniqu 5 
and equipment used in performing. the 
eight functions in a generalized automatic 
lagging svstem: transducing, scale-factor 
correction and linearizing, derivation of 
quantities, scanning, analog-to-digital con 


covers 














A report to engineers and scientists from Lockheed Missile Systems— 
where expanding missile programs insure more promising careers 


LOCKHEED ENGINEERS DEVELOPING 
TRANSISTOR FLIGHT CONTROLS FOR POLARIS 


Lockheed engineers are testing and developing transistor flight control systems for the Polaris 
ballistic missile program. Transistorization of missile control systems has been receiving 

top attention at Division laboratories in Palo Alto and Sunnyvale. Advantages of transistor 
designs over present systems include reductions in weight and space requirements. 

Flight control activities cover synthesis and analysis of systems; development or 

procurement of necessary hardware; bench and systems testing of complete control systems; 
specifications of required flight test programs; and analysis of actual flight tests. 


Division scientists and engineers are making many significant contributions that earn 
Lockheed leadership in missile development. Through their efforts, our Polaris has become 
the first and only solid fuel strategic ballistic missile program. 

As greater emphasis is placed on missiles’ role in U.S. defense, our missile projects will 
continue to grow. This means more career positions are open for qualified engineers and 
scientists — positions that offer unequalled opportunities for you to move ahead rapidly. 


In addition to Flight Controls, openings are in: Electronics, 

Information Processing, Ground Support, Reliability-Producibility, as well as 
Guidance, Propulsion, Aerodynamics, Thermodynamics, Systems Integration, 
Human Engineering, and Structures. 

Qualified engineers and scientists are invited to write M. W. Peterson, 

Research and Development Staff, Palo Alto 15, California. 


Subbed MISSILE SYSTEMS 
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Department Man 
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WITH VICTOR GAS-0-DOME REGULATORS 


Gas pressure, not springs, control diaphragm motion to give you 
precise regulation of high-pressure gases at high or low flow rates 
Can be remotely controlled if desired. Safety valve furnished on 
request. More than 55 stock models in the following series: 





a SERIES | RANGE Ie si) SPECIAL FEATURES GASES HANDLED 





GD 30 0-2500 High Delivery Flow Rates. 
6D 31 0-3600 Accurate Valve Control. Air 
| 

GD 618 0-2500 | Excellent Capacity. Compact— Argon 

— 7hIb. Se 25. Helium 
GD 62B 0-3600 —67° to +160° F. Range. Hydrogen 
VICTOR’S LONG EXPERIENCE GD 80 05000 _| Accurate Valve Control. en 
IN PIONEERING HIGH PRESSURE GD 81 0-10000 | —67° to +160° F. Range. —and others 
GAS REGULATION is yours for the 


- - to 
| Self-Relieving Pilot Regulator | "Corrosive 
asking. For details, and complete GD 10 0-500 | Control. High Flow Rates. bronze and 


tainless steel. 
data on Gas-O-Dome Regulators, see : s 
your VICTOR dealer or write us for SR 10 e100 | eee 
catalog 341. Dealer inquiries invited. 


SR 100 ety Corrosion Resistant. Ammonia (wet or dry) 


Vv R Boron Trifluoride 
7 EQ I COMPANY Chlorine (wet or dry) 
Icio UIPMEN MP. Hydrogen Sulfide, 
Mfrs. of welding & cutting equipment, hardfacing rods; Hydrogen Chloride, 
blasting nozzles; cobalt & tungsten castings. Sulfur Dioxide—and 


844 FOLSOM ST. * SAN FRANCISCO 7 21 other corrosive gases. 
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To engineers whose 
present jobs seem to end 


where they begin... 


AT DOUGLAS, YOUR 
ASSIGNMENTS HAVE 
THE SCOPE THAT LETS 
YOU PROGRESS AT 


YOUR OWN PACE! 


Going around in circles? Chances are your 
present job has become too routine. At Douglas, long- 
range projects of tremendous scope assure 
a constant variety of assignments...and the opportunity 
to expand your responsibilities. Douglas is headed by 
engineers who believe that promotion must come from 
within. They’ll stimulate you to build a rewarding future. 


For important career opportunities in 
your field, write: 


Cc. C. LaVENE 
DOUGLAS AIRCRAFT COMPANY, BOX D-620 
SANTA MONICA, CALIFORNIA 


Pa Wit, ASS 
& MOUGLAS <»~ 
4 > 
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scientists and engineers 
NUCLEAR CAREERS NOW 


in worldwide reactor program 


Openings at all experience levels 


Reactor shielding: Advanced studies and analysis. 

Reactor core: Analysis, nuclear and reactor core. 

Systems analysis: Including engineering direction on reactor plant design 
heat transfer, thermal stress, fluid flow, etc. 

Heat transfer: Direct analysis studies—reactor systems, dynamics and ther- 
modynamics of fluid flow. 

Openings also in preliminary analysis, reactor operations, stress analysis, 
and integrated areas. Degree essential. Experience as required. 


ANAINYTICAL 





Metallurgists: R. & D. on nuclear fuel materials, including radiation effects, 

evaluation of uranium and thorium alloy, ceramics. Also for mechanical 

fabrication development for these ‘naterials. 

Engineers — ME & ChemE: For development of power reactor components. 
DEVELOPMENTAL Devise experiments, perform tests, prepare reports. Stimulating problems 

in fluid dynamics, heat transfer, full scale and model studies of fluid system 

components, remotely operated handling equipment, etc. 

Other openings with nuclear experience preferred but not essential. Degree 

and applicable experience required. 





Control mechanisms: Senior openings, original design—including control 
rods, safety rods, drives, allied tooling. Also mechanical design (light and 
heavy) and general machine design. 

Electrical: Originate and develop major control and power systems and 
components. 

Process systems & equipment: Prepare layouts and specs.— pumps, heat 
transfer equipment. 

DESIGN Process instrumentation: Reactor, auxiliary, and control systems. 
Facilities— mechanical systems: Original design — heating, ventilating, spe- 
cial atmospheric controls for pressure regulation, cleaning, etc. Assist on 
mechanical design, special handling systems, etc. 

Machine design: Heavy mechanical. Original test equipment for nuclear 
experiments —lead-shielded casks, remote handling cranes, etc. Machine 
design experience essential. 

Reactor core components: Design moderator cans, fuel elements, critical 
assemblies, grid plates, core supporting structures. 


Other opportunities in: 
Theoretical, Experimental, Solid State Physics, High Temperature 
Physical Chemistry, Health Physics, Materials Research. 


New programs add to years-ahead backlog 


Atomics International has built and is operating two power reactors—the Sodium Reactor 
Experiment and the Organic Moderated Reactor Experiment. Central station power plants 
based on these reactor concepts are in the planning stages right now. In addition, AI has 
just begun an advanced power reactor study for Southwest Atomic Energy Associates, a 
group of 15 investor-owned utility companies. 

AI is expanding overseas operations. With 5 foreign reactors already in operation or 
being built, AI recently signed agreements with ASEA of Sweden, which has offices in 
50 countries, and DEMAG of West Germany, with whom AI formed the new company, 
INTERATOM, in Duisburg, West Germany. 

Write today for more details about exciting career opportunities at AI. 


Mr. G.C. Newton, Personnel Office, Atomics International 
21600 Vanowen Street, Canoga Park, California 
(In the suburban San Fernando Valley, near Los Angeles) 


ATOMICS INTERNATIONAL 


A DIVISION OF NORTH AMERICAN AVIATION INC, 


CONTROL ENGINEERING 








EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—executive, management, technical, selling, office, skilled, manual, etc. 


Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 
Part Time Work Selling Opportunities Offered Labor Bureaus 


NATIONAL agp RATES— UNDISPLAYED 
J The advertising rate is $21.80 per inch for all advertising ap $1.80 per line, minimum 3 lines. To figure advance payment 


pearing on other than s contract basis. Contract rates quoted count 5 average words as a line. 
COVERAGE oD request Positions Wanted—The rate is one-half of the above, payable 
in advance. 


An advertising inch is measured %” vertically on s column—3 Box Numbers—counts as | line. 
columns—30 inches to & page. Discount of 10% if full payment is made in advance for 4 con- 
secutive insertions. 
Subject to Agency Commission. Not subject to Agency Commision. 


Send NEW ADS or Inquiries to Classified Advertising Division of CONTROL ENGINEERING, P. O. Box 12, N. Y. 36, N. Y. April issue closes March 3rd 











p an YS | C | S T Expanded Program Offers Rapid Advancement to 
poems See aes te Fuel Control 


dustrial process control and air test facility 


control is sesking one men for @ creer Design and Development 


opportunity in its Analytical Department 


This man, with approximately two years 
experience, should hold a B.S. in Physics with 
a strong background in process control and 
a knowledge of control mathematics. Must 


be capable of using analogue simulator for 
determining control criteria 


CDC Control Services, Inc. Challenging assignments in a fast- 
400 SOUTH WARMINSTER ROAD growing Design and Development 
Hatboro, Pa. program for advanced fuel control 


systems for high-power, low-weight Some experience with fuel metering 
turboshaft and turbojet engines. devices, servomechanisms and gas 


Achievement and reward are assured turbine engines is desirable. 
TECHNION—ISRAEL INSTITUTE to engineers proficient in this field. = , 
OF TECHNOLOGY, HAIFA : 


acancy for a Senior Lec- Lycoming is just minutes away from beautiful Long 
ee = ote “5 ~ c a Island Sound...in an area that abounds in year 
I sm anc omatic o ra - f 
round recreational and cultural facilities. 


Projects are concerned with small 
light weight fuel controls having low 
cost together with high reliability 








who must have had wide @ Modern benefits program 
£ cademic experience, will be 
vonsible for advanced courses to post 


graduate and fourth year students 


Send your resume to: . 
Applications, accompanied by curricula - HARRY A. STONE Lyco rr Ing 


vitae and names and addresses of three p 0 
references, to be sent to the Secretary for ersonnel Director sabia n 
Acadmic Staff, P.O.B. 4910, Haifa, Israel. DIVISION OF AVCO MANUFACTURING RP 


STRATFORD, CONNECTICUT 














ENGINEERS 


If you have been looking for an Employment Agency 


that is skilled in the STATE OF THE ART of 
Technical Recruitment and RELIABILITY OF IN- 
FORMATION concerning positions, why not com- 


municate with us at once! ALL POSITIONS FEE 
PAID 


ELITY PERSONNEL SERVICE CLASSIFIED ADVERTISING) @ SALES @ BUSINESS @ EQUIPMENT (Used or Resale 
t Phi 


FID 
1218 Chestnut S ja. 7. Pa. 


Specialists in Aviation, Electronics and Nucleonics “OPPORTUNITI ES”’ 














SYSTEMS ENGINEER 


SALARY $12,000.00 PLUS PER YEAR BRAND NEW — TOP QUALITY — FULLY GUARANTEED 


Electronics engineer with a minimum of four years 


experience Plan and direct systems studies on 
highly specialized research and development proj- L ERS 
ects Background in missiles or radar systems 
highly desirable. Company client assumes all em- 
ployment expense FOR VENTILATION, AIR SUPPLY, HEAT FLUSHING 
MONARCH PERSONNEL 
28 East Jackson Bivd Chicago 4, Illinois 100 C.F.M.—3” DIA. ROTOR 275 C.F.M.—5'4"' DIA. ROTOR 
ROTOR: 3” x 2” i ROTOR: 514" x 3 
: HOUSING: Steel “aie dis- HOUSING: Steel. 434" sq. dis- 
LIES TO: B ae tl es 3 inlet, charge flange 5% inlet 
his publicat — =} ) 312" sq. outlet. MOTOR: AC 
t neares u MOTOR: AC, 60 cyc. 115 volt, . 60 cyc, 115 volt, 1550 rpm 
Vi w ORE : Pp Oo. nex ,! P AOE, ay rpm enclosed, continuous Continuous duty OVERALL 
( CAGO 1 0 cn ’ ¢ uty. :6x6x 6 82 x 82 x 7 No. BL 275- 
SiN FRANCISCO 4: 68 Post No. BL 100 HS $895 R-S $1495 
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ORDER NOW—WHILE STOCKS LAST—PROMPT SHIPMENT 
SELLING OPPORTUNITY WANTED ELECTRIC TRADING CO. Dept. cE-2, 313-315 Canal St., New York 13, N. Y. 


Manufacturer’s Representative. Established 
representative requires one additional major 
line of industriz nstruments, controls, or MACHINE SHOP 
related accessories. Presently contacting FACILITIES AVAILABLE BEARINGS — 
chemical, utilities, paper, metals, OEM, and Completely equipped machine shop can use addi- 
laboratories 2rritory N. Y. State excluding tional contract work. Efficient facilities for milling, Miniatures: 
N. ¥. C. RA-7009, Control Engineering. drilling, turning, welding, press work, sheet metal 3 
fabrication, and assembly. Wide experience, skilled Special Sizes, Tolerance & Construction 
Manufacturers, attention: Sales organization on fe pg Bog small contracts solic. 
for N. Calif. now being formed. Your inquiry Wite: CWW-7184. Contol I eo RAWAY BEARING CO 
invited. Kalhan Sales, 202 W. Glendora, as. Adv. Div.. P. 0. Bo: o NY ry N.Y 4-8 Forsythe St. Watke y N.Y 
Stockton, Calif 








Precision; Stainless Steel; 
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AC Electronics Division of General 
Motors 
AMP Incorporated ; 
Aero Research Instrument Co., Inc. 
Airpax Products Company 
American Time Products, Inc.. 
Annin Company, The. . 
Askania Regulator Company 
Atomics International Div. 
American Aviation, Inc. 
Audio Devices, Inc... 


North 


Bailey Meter Company 
Baldwin-Lima-Hamilton 
Barber-Colman Company 
Barden Corporation, The 
Beckman Systems Div., Beckman In- 
struments, Inc. 

Bendix Aviation Corporation 
Cincinnati Division 
Eclipse-Pioneer Division 

Berkeley Division Beckman 
ments, Inc. 

Blonder-Tongue Labs., Inc.. 


Instru- 


Borg Corporation, The George W. 
134, 

Bourns Laboratories, Inc. 8, 
Brush Instruments Div. Clevite 
Corp. 16, 


Ciace & Co. C.F... 

Clifton Precision Products Co., Inc. 

Computer-Measurements Corp. 

Consolidated Electrodynamics Cor- 
poration , 15, 

Control Div., Magnetics, Inc. 


Dahl Company, Inc., George W. 
Davis Instruments . . 

Daystrom Instrument Div., Daystrom 
Inc. .. es 
Daystrom Transicoil Corp., Div. Day- 
strom Inc. ; : 
Decker Corporation, The 
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Motors pra 
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Digitac, Inc. 
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Douglas Aircraft Company 
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General 
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Electric Regulator Corporation . 
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Electronic Associates, Inc. 


Fischer & Porter Co... . 
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Ford Instrument Co., Division of 
Sperry Rand Corporation 


General Radio Company. 

General Transistor Corporation. 
Gerst & Company, Paul E. 
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Gurley, W. & L. E.. 
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Hallamore Electronics Company. 

Handicraft Tools, Inc... ; 

Hart Manufacturing Company, The. 

Haydon Mfg. Co., Inc.. : 

Heath Company, Division Daystrom 
Inc. 5 
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Hetherington Inc. 
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District Managers 


ATLANTA 3: R. H. Powell, 1301 Rhodes-Haverty Bldg., JAckson 3-6951 

BOSTON 16: George S. Baird Jr., 350 Park Square Bldg., HUbbard 2-7160 

CHICAGO 11: John G. Zisch, 520 N. Michigan Ave., MOhawk 4-5800 

CLEVELAND 13: John C. Mitchell, 55 Public Square, SUperior 1-7000 

DALLAS 1: Gordon L. Jones, Vaughn Bldg., 1712 Commerce St., Riverside 7-5117 
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NEW SUBMINIATURE ™%& 


y a 
7 WIGH TEMPERATURE 


TRIMMER 


Now available as a wirewound or film 

type trimmer that is moisture proof, 
ACTUAL SIZE subminiature in size and 

withstands a temperature 


of 225°C., in a higher 


resistance range. ee 


FEATURES 


Type RTW (wirewound) Resistance Range 100 ohms to 100,000 ohms 


Type RTF (film) Resistance Range 100 ohms to 25,000 ohms, providing 
infinite resolution 


25 turn lead-screw adjustment 
Unique stop-overide safety mechanism 
Housing of High Temperature Molded Plastic 
Variety of mountings: Printed Circuit Lugs 
Printed Circuit Wires 
Tinned Leads 


Virtually hermetic sealed meets Mil std. 202 Procedure 106 Humidity Test 
with rated power applied 


Precious metal take off and end tabs 
Dual stainless steel contacts on winding and slip ring for extra reliability 
Power rating of .838 watts at 80°C., .1 watt at 200°C. 


Engineered, quality controlled manufacture and 
environmental tested to meet the exacting demands 
of missile and other military applications, make 
these new low cost trimmers a long-sought con- 
tribution to design and production problems. 


Write wire or call for full details and 
technical data. 


TECHNOLOGY INSTRUMENT CORP. 
523 MAIN ST., ACTON, MASS. — _ COlonial 3-7711 


North Hollywood, California POplar 5-8620 STanley 7-O286 





FLEXIBILITY 
IN 
OBSTRUCTIONLESS 
FLOWMETERING 


The F & P Magnetic Flowmeter design lets you set 
any desired flow value at full scale... permits utili- 
zation of the full receiver range. Maximum flow can be 
set at any value from 1 foot per second to 30 feet per 
second ... at the turn of a dial! This unique feature is 
standard with every F & P Magnetic Flowmeter. There’s 
no extra charge, no complicated modifications. 


47 


Available in pipe sizes from 14” and up, these 
flowmeters—plus the new F & P potentiometer-type 
indicator/recorder—comprise a metering system 
which permits interchangeability of any primary with 
any indicator/recorder. All types of standard sec- 
ondary instrumentation—integration, control, re- 
transmission—can be supplied in the recorder case. 


You’ll find that it’s easy to substitute F & P 
Magnetic Flowmeters directly in existing flow-control 
or ratio-control systems. Get in touch with the F & P 
field engineer nearest you, and write for Catalog 
10D1416. Fischer & Porter Company, 738 County 
Line Road, Hatboro, Pa. In Canada, write Fischer & 
Porter (Canada) Ltd., 2700 Jane St., Toronto, Ont. 


FISCHER & PORTER CO. 


Complete Process Instrumentation 





